space Age Microbicidal Powe! 


For optimal preoperative skin degerming— BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts...promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film- -forming.. 
maintain microbicidal activity in the presence of blood, pus and serum. treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are ae ODER niis do not stain skin and natural fabrics. 
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space Age Microbicidal Powe 


For optimal preoperative skin degerming— BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... SOL Se Toto Re és 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis — BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 
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Twenty years ago, Dansk Coloplast of 
Denmark produced the first self-adhering, 
disposable ostomy bags. Today, doctors and 
nurses all over the world are familiar with 
COLOPLAST Brand, which has grown to include 
a complete and versatile line of ostomy products, 
plus sterile products for O.R. use. 

Much of the worldwide success Dansk 
Coloplast enjoys can be attributed to the unique 
hypo-allergenic adhesive they developed. The 
rest is due to the superb quality of their products. 
And a strict system of controls maintains this 
quality from product to product. 

COLOPLAST Brand ostomy bags are 
simple to apply, comfortable and secure to wear, 
and easily removed. The compact, one-piece 
design requires no assembly and is disposable. 
Patients find the COLOPLAST Brand way an 
easy-to-learn self-care regimen. And, its 
simplicity tends to promote good hygiene. 

C. R. Bard, Inc., a leader in the manufacture 
of quality medical products since 1907, is now 
distributing COLOPLAST Brand products 
throughout the United States and Canada. 


Write for additional information, educational 
booklets and free sample products. 


COLOPLAST/BAFBD, INC. 


731 CENTRAL AVENUE, MURRAY HILL, NEV JERSEY O7974 


COLOPLAST is a trademark registered in the U S. Patent Office by Dansk Coloplast A/S 
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. Now! Microbicidal power 
| In convenient 


BETADINE "disposables' 


BETADINE Antiseptic Gauze Pad 
BETADINE Solution Swabsticks 
BETADINE Solution Swab Aid 





BETADINE 
Antiseptic 
GAUZE PAD 
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BETADINE Antiseptic Gauze Pad — ——— —— 
Topical microbicidal dressing (3” x 9") 

De gag with the same active ingredient as in BETADINE 
Solution...for prevention and treatment of surface infections 


...degerming the skin and disinfecting wounds, burns, 
lacerations and abrasions. 





BETADINE ESS 
Solution Swabsticks — | —— 77 
Antiseptic applicator tips for $ voce 
hard-to-reach smaller sites, in- © massa: 


cluding folds and creases. Use for & “ss meres 
degerming the skin prior to injec- p— 
tions, aspirations, surgery, uri- 

nary catheterization; in disinfection of skin 

in minor wounds; in preoperative oral tissue 
degerming; preparing skin for dressing changes. 


Ed 








BETADINE 
Solution Swab Aid 


Small single-use antiseptic pad for prompt degerming of 
small skin areas prior to such procedures as injections, 
aspirations, catheterization and surgery . . . and in cuts, 
minor wounds, burns, lacerations and abrasions. 
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| ation in the gut, due to al 
intestinal motility, aerophagia and increased salivatio: 
often complicates surgical aftercare. 

To help avoid or dispel the acute discomforts of 
post-op pain in the gut, Phazyme provides simethicon: 
* ..an effective, safe and simple method of preventing 
abdominal distention, gas pain and reducing the incide 
of ileus.” !* 

Phazyme’s unique dual-phase action release 
20 mg. of specially-activated simethicone initially 
the stomach for immediate dispersion of entrappe 
The protected inner core delivers an addition 
40 mg. of specially-activated simethicone to reliev 
pain of entrapped gas throughout the lower G.I. tr 

Phazyme also provides 240 mg. of pancreatin 
directly to the small intestine to help assure normal 
digestion. 

And Phazyme is safe...no systemic effects...no 
untoward reactions...no contraindications other than 
known allergy to an ingredient. 


1. Gibstein, À., ef al.: Prevention of postoperative abdominal distent 
and discomfort with simethicone, Obstet. Gynecol. 38:386, Sept. 197 
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How much has her rheumatoid arthritis improved? 
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Walking time— determined by the number of 
seconds required to walk 50 feet 


Ring Size — measured in millimeters to evaluate 
swelling of finger joints 
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Grip strength — measured in millimeters of Inflammation index — arrived at by ascribing 

mercury using a rolled sphygmomanometer cuff values of 1 to 4 to degree of pain, redness, swelling, 
tenderness, and presence of joint fluid; then 
totalling five parameters 
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Ascriptin helps her get the most from aspirin therapy 


When you specify Ascriptin, you're specifying Maalox®-protected aspirin. Ascriptin 

eases joint pain, stiffness and inflammation, while guarding against aspirin-induced 

gastric distress. That means your patient is more likely to tolerate the high dosage 

level of aspirin required to reduce arthritic 2. 
inflammation. Thus, the patient will stay IN rheumatoid and osteoarthritis 

with an optimal dosage over an extended 

period,hopefullyshowing greater improve- 

ment. After all, if dosage is optimal, 

chances are that therapeutic benefits of 

Ascriptin will be, too. the Maalox“ -protected aspirin R 
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Upjohn 
Anaerobic GI flora- 








site specific 


The gastrointestinal tract of man contains 
an abundance of microorganisms composed 
predominantly of anaerobic bacteria. The geo- 
graphic location of these bacteria in the intes- 
tine may explain the different rates of 
infectious complications associated with inju- 
ries to different parts of the gastrointestinal 
tract. Soilage from the upper portion of the 
small bowel is usually associated with a lower 
rate of infection than from the lower small 
bowel and colon. 


Intra-abdominal infections: Intra-abdomi- 
nal infections may complicate penetrating ab- 
dominal wounds, particularly when the 
integrity of the bowel has been compromised. 
Such complications are frequently asso- 
ciated with trauma resulting from automobile 
accidents or criminal violence (such as gunshot 
wounds or stabbings). Anaerobic infections 
may occur as postsurgical complications. Peri- 
tonitis and abscess formation may cause partic- 
ular problems. Intra-abdominal infections may 
also occur when bowel tissue becomes necrotic 
or nonviable as in cases of vascular compro- 
mise, embolic disease, obstruction, strangula- 
tion, toxic dilatation, and similar conditions 
characterized by tissue anoxia. 

Appropriate therapy for the infectious com- 
plicationsisoften a concern of many physicians. 





...and how to manage them: The initiation of 
antibiotic therapy, particularly when perito- 
nitis exists, may be a matter of immediate 
importance. In such emergency situations, the 
surgeon's selection of an antibiotic is frequently 
made on the basis of scant etiologic evidence. 
However, his knowledge of the specific normal 
flora in a given area of the bowel and how the 
flora can be altered by certain pathologic con- 
ditions will aid him greatly in his antibiotic 
selection. 


Therapy which must be initiated presump 
tively may be chosen discriminatively: T 
While inspection of Gram-stained speci- 
mens may prove useful, and cultures from 
the infection site will eventually provide 
valuable diagnostic information for the 
surgeon, the bestcluetoimmediate anti- 
biotictherapy may be the location of the 
infection. In the normal healthy 
adult, there is well-defined coloniza- 
tion by specific microorganisms in 
specific sites of the gastrointestinal 
tract. Thus a guide to the normal 
inhabitants of various areas may be 
helpful in suggesting the proper 
therapeutic agent. 
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ee The stomach, and proximal and middle small bowel: Here facultative 
da enterococci, lactobacilli and anaerobes (originating in the oral cavity] exist ir 
a concentration of 10° or less organisms per ml of contents. Bacteroides fragili: 
is virtually absent. Gastric acidity in this area limits the growth of many bac 
teria; therefore, most of the organisms are acid-resistant. In the middle portior 
of the small bowel there is sparse indigenous bacterial colonization, largely 
because of pronounced motility of this region. 


The distal small bowel: In the ileum, enterococci and lactobacilli are seer 

Guide to the normal in approximately the same quantities that occur in the stomach and duode 
adult intestinal num. Coliforms are also observed—as are obligate anaerobes. Bacteroide. 
microflora fragilis and other fecal anaerobes first appear at this level. In fact, aerobic anc 
anaerobic bacteria exist here in roughly equal proportions. The ileoceca 

valve, if functioning properly, provides a barrier against colonization by feca 

anaerobes from the large bowel into this area. Beyond the ileocecal valve ther 
exists an environment best suited to the proliferation of obligate anaerobes 































The large bowel: Anaerobic microorganisms predominate the large intes 
tine (10" organisms per gram of contents). Obligate anaerobes outnumbe 
Escherichia coli 1,000 to 10,000 to one in the large intestine, anc 
Bacteroides fragilis is the anaerobic organism most frequently en 
countered. Other anaerobes, such as peptostreptococci, clostridia 
fusobacteria, and eubacteria are also seen although not so profusely 
Facultative aerobes are in the decided minority here, but their quan 
tity is no less than elsewhere in the intestinal tract. Enterococci anc 
lactobacilli are each present in concentrations of about 108 to 10 
organisms per gram of contents. Escherichia coli is most common 
followed by enterococci (Streptococcus faecalis and Streptococcu. 
faecium), proteus, pseudomonas, and klebsiella. Staphylococcu. 
aureus and Candida albicans are also present in the large bowel o. 

healthy, normal individuals. The pathogenic potential of each o: 
these microorganisms should never be overlooked. 

Because the large bowel contains many different species o 
bacteria, disease or trauma in this area may present a specia 
challenge. Accordingly, it is important to remember that nc 
known single agent has proved to be uniformly effective agains 
all of these organisms. 


Variations in the normal microflora: The normal microflor: 
of the intestinal tract may be substantially altered in certain path 
ological conditions. These alterations depend upon the patient': 

medical history and the nature of his present illness. If, for ex 
ample, the patient has achlorhydria, tissue ischemia, reducec 
intestinal motility, blind loop syndrome or stasis, or has hac 
previous antibiotic therapy or bowel surgery, significan: 
changes in the microflora of the bowel may be observed. Wher 
gastric secretion, intestinal motility or anatomic integrity i: 
altered, the flora of the small bowel may be affected. Unde: 
these conditions large numbers of facultative aerobes (e.g. 
Escherichia coli) and obligate anaerobes (Bacteroides fragili: 
and other fecal anaerobes) may be found in this area. A mal 
functioning ileocecal valve could permit these aerobic anc 
anaerobic bacteria to colonize the ileum. 


Problems in diagnosis: Even though the methods currently usec 
for culturing anaerobes have been greatly improved, bacterial culture: 
from intra-abdominal sites can be diagnostically misleading. Anaerobe: 
J arethe most often overlooked category of potentially pathogenic organism: 
because their detection demands meticulous collection and culture tech 
niques. The cultivation of certain anaerobes may require up to ten days o 
incubation, and even a brief exposure to air can kill many of them. Multipk 
pathogens are frequently encountered, and one organism can overgrow an 
other on the culture plate. Blood cultures can be similarly deceptive, since al 
significant pathogens in a mixed infection are rarely isolated in a singleculture 
Sometimes only the consistent reappearance of a given microorganism 

in repeated cultures is the clue to clinical importance. 


Please turn page for information on one antibiotic of significance Upjohn 
in the treatment of serious anaerobic intra-abdominal infections. 


[m 
Effective against susceptible 


anaerobes 


in serious intra-abdominal infections... 


Anaerobic activity: Cleocin® 
POs (clindamycin phosphate 
injection) has proved to be effec- 
tive in a variety of serious intra- 
abdominal infections caused by 
susceptible anaerobic organisms 
including gram-positive cocci, 
and gram-positive and gram- 
negative bacilli. Specifically, the 
activity of clindamycin has been 
established in the following con- 
ditions: septicemia; serious 
intra-abdominal infections such 
as peritonitis and intra-abdomi- 
nal abscess; serious infections of 
the female pelvis and genital 
tract such as endometritis, non- 
gonococcal tubo-ovarian abscess, 
pelvic cellulitis, and postsurgical 
vaginal-cuff infection caused by 
susceptible strains of bacteroides, 
fusobacteria, eubacteria, actino- 
myces, peptococci, microaero- 
philic streptococci, and 
clostridia.* 

Since disc susceptibility 
testing with current methods is 
not reliable for anaerobes, in 
vitro dilution methods should be used to jects sus- 
ceptibility to clindamycin. 


Effective in serious aerobic gram-positive infections caused 
by susceptible streptococci, staphylococci, and pneumococci. 
The use of Cleocin PO, in gram-positive infections has been 
investigated both clinically and bacteriologically. Since it is 
a parenteral antibiotic, Cleocin PO, has been evaluated in 
serious infections. Its use in these infections should be re- 
served for penicillin-allergic patients for whom, in the judg- 
ment of the physician, a penicillin is inappropriate. 
Indications include: serious lower respiratory-tract in- 
fections such as pneumonia caused by susceptible staphylo- 
cocci; serious soft-tissue infections such as deep abscesses 
and deep traumatic or surgical wound infections caused by 
susceptible staphylococci and streptococci; septicemia caused 
by susceptible staphylococci and streptococci; and acute 
hematogenous osteomyelitis caused by susceptible staphylo- 
cocci. In many instances the evaluated cases have been sec- 
ondary to massive wounds, surgery, or debilitating disease. 





With few exceptions, the orga- 
nisms proved susceptible in vitro 
and were successfully eradicated 
from the clinical lesions. 


Other therapeutic considera- 
tions: 

l. Cleocin PO, is clinically 
effective in serious infections 
caused by penicillin-resistant or 
penicillinase-producing staphy- 
lococci. However, staphylococcal 
strains resistant to clindamycin 
have been encountered, and sus- 
ceptibility testing should be 
performed. 

2. Cleocin PO; is useful in 
patients who are sensitive to 
penicillin. Clindamycin does 
not share antigenicity with the 
penicillins; however, hypersen- 
sitivity reactions have been 
reported with clindamycin ther- 
apy. If a hypersensitivity reaction 
occurs, the drug should be dis- 
continued. Serious anaphylac- 
toid reactions require im- 
mediate emergency treatment 
with epinephrine. Oxygen and 
intravenous corticosteroids should also be administered as 
indicated. 

Thus, Cleocin PO, can fill a need for both penicillin- 
sensitive patients and those with serious infections caused 
by penicillin-resistant staphylococci. 

As with all antibiotics, Cleocin POs should be used 
with caution in atopic patients. Clindamycin has demon- 
strated cross-antigenicity with lincomycin. 

Cleocin PO, should be reserved for serious infections 
where less toxic antimicrobial agents are inappropriate, as 
described in the Indications Section of the brief summary on 
the following page. 







If significant diarrhea or colitis occurs during therapy, 
this antibiotic should be discontinued. (See WARNING 
box and summary of prescribing information on follow- 
ing page.) 








‘Clostridia are more resistant than most anaerobes to clindamycin. Some species, e.g. 
C. sporogenes and C. tertium, are frequently resistant to clindamycin. 


























WARNING 
Clindamycin can cause severe colitis which may 
end fatally. Therefore, it should be reserved for 
serious infections where less toxic antimicro- 
bial agents are inappropriate, as described in the 
Indications Section. It should not be used in 
patients with nonbacterial infections, such as 
most upper respiratory tract infections. The 
colitis is usually characterized by severe, per- 
sistent diarrhea and severe abdominal cramps 
and may be associated with the passage of blood and mucus. Endo- 
scopic examination may reveal pseudomembranous colitis. 

When significant diarrhea occurs, the drug should be discon- 
tinued or, if necessary, continued only with the close observation 
of the patient. Large bowel endoscopy has been recommended. 

Antiperistaltic agents such as opiates and diphenoxylate with 
atropine (Lomotil*) may prolong and/or worsen the condition. 

Diarrhea, colitis, and pseudomembranous colitis have been 
observed to begin up to several weeks following cessation of ther- 
apy with clindamycin. 





Each ml contains: 


clindamycin phosphate equivalent to................... 150 mg 

clindamycin base 
benoyl MICO iis iis ke ea Kaw REPRE EY EAR ET AG 5 mg 
dicdium SCORN: oi vnc corr hase XLROI RIA 0.5 mg 
water for ON 5 osa da p» Edo, YR CAVO IER qs 


When necessary, pH adjusted with NaOH and/or HCI. 


Indications: Clindamycin is indicated in the treatment of serious 
infections caused by susceptible anaerobic bacteria. 

Clindamycin is also indicated in the treatment of serious infections 
due to susceptible strains of streptococci, pneumococci, and staphylo- 
cocci. Its use should be reserved for penicillin-allergic patients or other 
patients for whom, in the judgment of the physician, a penicillin is in- 
appropriate. Because of the risk of colitis, as described in the WARNING 
box, before selecting clindamycin the physician should consider the 
nature of the infection and the suitability of less toxic alternatives 
(e.g., erythromycin). 

Anaerobes: Serious respiratory tract infections such as empyema, 
anaerobic pneumonitis and lung abscess; serious skin and soft tissue 
infections; septicemia; intra-abdominal infections such as peritonitis 
and intra-abdominal abscess (typically resulting from anaerobic orga- 
nisms resident in the normal gastrointestinal tract); infections of the 
female pelvis and genital tract such as endometritis, nongonococcal 
tubo-ovarian abscess, pelvic cellulitis and postsurgical vaginal cuff 
infection. 

Streptococci: Serious respiratory tract infections; serious skin and soft 
tissue infections; septicemia. 

Staphylococci: Serious respiratory tract infections; serious skin and 
soft tissue infections; septicemia; acute hematogenous osteomyelitis. 

Pneumococci: Serious respiratory tract infections. 

Adjunctive Therapy: In the surgical treatment of chronic bone and 
joint infections due to susceptible organisms. 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy. 

Bacteriologic studies should be performed to determine the causative 

organisms and their susceptibility to clindamycin. 
Contraindications: History of hypersensitivity to clindamycin or 
lincomycin. 
Warnings:(See WARNING box.) Mild cases of colitis may respond 
to drug discontinuance alone. Moderate to severe cases should be 
managed promptly with fluid, electrolyte and protein supplementa- 
tion as indicated. Systemic corticoids and corticoid retention enemas 
may help relieve the colitis. Other causes of colitis should also be 
considered. 

A careful inquiry should be made concerning previous sensitivities 
to drugs and other allergens. Antagonism has been demonstrated be- 
tween clindamycin and erythromycin in vitro. Because of possible 








- «and effective in serious l 
aerobic gram-positive infections 


clinical significance, these two drugs should not be 
administered concurrently. 

Usage in Pregnancy: Safety for use in pregnancy 
has not been established. 

Usage in Newborns and Infants: When clinda- 
mycin phosphate is administered to newborns and 
infants, appropriate monitoring of organ system 
functions is desirable. 

Usage in Meningitis: Since clindamycin does not 
diffuse adequately into the cerebrospinal fluid, the 
drug should not be used in meningitis. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE 
EMERGENCY TREATMENT WITH EPINEPHRINE. OXYGEN AND 
INTRAVENOUS CORTICOSTEROIDS SHOULD ALSO BE ADMIN- 
ISTERED AS INDICATED. 


Precautions: Review of experience to date suggests that a subgroup 
of older patients with associated severe illness may tolerate diarrhea 
less well. When clindamycin is indicated in these patients, they should 
be carefully monitored for change in bowel frequency. Prescribe with 
caution in individuals with a history of gastrointestinal disease, par- 
ticularly colitis. 

Do not inject intravenously as an undiluted bolus; infuse as directed 
in package insert. Indicated surgical procedures should be performed 
in conjunction with therapy. Patients with very severe renal disease 
and/or very severe hepatic disease accompanied by severe metabolic 
aberrations should be dosed with caution and serum clindamycin 
levels monitored during high dose therapy. 

Prescribe with caution in atopic individuals. During prolonged 

therapy, periodic liver and kidney function tests and blood counts 
should be performed. Use may result in overgrowth of nonsusceptible 
organisms, particularly yeast. Should superinfection occur, adjust 
therapy as clinical situation dictates. Clindamycin has been shown to 
have neuromuscular blocking properties that may enhance the action 
of other neuromuscular blocking agents. Use with caution in patients 
receiving such agents. 
Adverse Reactions: Gastrointestinal: Abdominal pain, nausea, 
vomiting and diarrhea. (See WARNING box.) Hypersensitivity Reac- 
tions: Maculopapular rash and urticaria have been observed. Gen- 
eralized mild to moderate morbilliform-like skin rashes are the most 
frequently reported of all adverse reactions. Rare instances of erythema 
multiforme, some resembling Stevens-Johnson syndrome, have been 
associated with clindamycin. A few cases of anaphylactoid reactions 
have been reported. If a hypersensitivity reaction occurs, the drug 
should be discontinued. The usual agents (epinephrine, corticoste- 
roids, antihistamines) should be available for emergency treatment of 
serious reactions. Liver: Jaundice and abnormalities in liver function 
tests have been observed during clindamycin therapy. Hematopoietic: 
Neutropenia, eosinophilia, agranulocytosis and thrombocytopenia 
have been reported; no direct etiologic relationship to concurrent 
clindamycin therapy has been made. 

Local Reactions: Pain, induration and sterile abscess have been 

reported after intramuscular injection and thrombophlebitis after 
intravenous infusion. Reactions can be minimized or avoided by 
giving deep intramuscular injections and avoiding prolonged use of 
indwelling intravenous catheters. 
How Supplied: Available as sterile solution with each ml containing 
clindamycin phosphate equivalent to 150 mg clindamycin base. 
Ampoules of 2, 4 and 6 ml. 

Caution: Federal law prohibits dispensing without prescription. 

For additional product information see your Upjohn representative. 


MED B-4-S (NFM-3) J-4689-9 
Cleo STERILE OC 





nPO.4 


dindamycn oan injection, Upjonn 


FOR INTRAVENOUS AND INTRAMUSCULAR USE 





Upjohn The Upjohn Company, Kalamazoo, Michigan 49001 


(Multi-Vitamin Infusion) 


short term or long term 


Amore comprehensive parenteral 
vitamin formula because... 


M.V.l. includes not only the B complex* and C 
vitamins but also the fat-soluble vitamins A, 


© D and E—water solubilized for faster, 
MM more complete absorption. 
a We fn 
[Multi-Vitamin 
Infusion) | 


Each 10 cc. ampult or 5 cc. Concentrate vial? provides: 

Ascorbic acid (C) 

Vitamin A** 

Vitamin D** (ergocalciferol) 

Thiamine HCI (B) 

Riboflavin (B.)t 

Pyridoxine HCI (B.) 

Niacinamide 

Dexpanthenol 

Vitamin E** (dl-alpha tocopheryl acetate) 

tWith sorethytan laurate 1%, sodium hydroxide 1%; and gentisic 

acid ethanolamide 2% as preservative. 
tWith propylene glycol 30% as stabilizer and preservative, sodium 

hydroxide for pH adjustment, and sorethytan laurate 1.6%; in Con- 

centrate as riboflavin-5-phosphate. 

**Oil-soluble vitamins A, D and E water solubilized with sorethytan 

laurate; covered by U.S. Patent No. 2,417,299. 

BRIEF SUMMARY 

INDICATIONS: in emergency feedings — Surgery, extensive burns, frac- 

tures and other trauma, severe infectious diseases, comatose states, etc. may 

provoke a "stress" situation with profound alterations in the body's metabolic 

demands and consequent tissue depletion of nutrients. As a result, wound healing 

may be impaired, enzyme activity disturbed, hematopoietic tissues affected; hypo- 

proteinemia and edema may appear; convalescence is thus prolonged. 

In such patients M.V.I. (administered in intravenous fluids under proper dilution) contributes 

optimum vitamin intake toward maintaining the body's normal resistance and repair processes. 

DIRECTIONS FOR USE: M.V.I. is ready for immediate use when added to intravenous infusion fluids. 

For intravenous feeding, one daily dose of 10 cc. of M.V.I. or 5 cc. of M.V.I. Concentrate added directly to not less than 
500 cc., preferably 1,000 cc., of intravenous dextrose, saline or similar infusion solutions . . . plasma, protein 
hydrolysates, etc. 

PRECAUTION: Allergic reaction has been known to occur following intravenous administration of solutions contain- 
ing thiamine. 

CAUTION: Not to be given as a direct undiluted intravenous injection as it may give rise to dizziness, faintness, etc. 
THERAPEUTIC NOTE: Intravenous use should be discontinued as early as practical in favor of an intramuscular or oral 
vitamin preparation, if deemed advisable. 

HOW SUPPLIED: M.V.l. — 10 cc. ampuls, boxes of 25 and 100. * M.V.I. formula contains vitamins Bi, Bz, 


M.V.l. CONCENTRATE — 5 cc. vials, boxes of 25. Available in 100’s only. rib a hips plar be aa jadis 


be optional additions to parenteral nutrition 


programs utilizing M.V.I. 
USV PHARMACEUTICAL CORP., Tuckahoe, N.Y. 10707 PHARMACEUTICALS 





No. I 


The Diagnostic Accuracy of Palpation and 
Fine-needle Biopsy and an Evaluation of their 
Combined Use in the Diagnosis of Breast Lesions 


Report on a prospective study in 1244 women with symptoms 


A. RIMSTEN. M.D., B. STENKVIST, M.D., H. JOHANSON, M.D., A. LINDGREN, M.D. 


In 1244 women with breast symptoms an evaluation by means of 
palpation was made with respect to diagnosis of malignancy ac- 
cording to a four-grade scale ranging from *'definite cancer" to 
**no cancer." Aspiration biopsy and cytologic examination were 
then performed in 984 breast lesions. The diagnosis from the 
cytologic evaluation ranged from benign, through three grades of 
atypia (slight, moderate, grave) to cancer. A histologic diagnosis 
was made in 411 cases and in 28% it was cancer. Cancer was 
found in 92.5% of the patients with a palpatory diagnosis of 
«definite cancer,” and in 50% of those with a palpatory diagnosis 
of ‘‘strong suspicion of cancer.” In all patients in whom cancer 
was diagnosed cytologically, the same diagnosis was made at 
histology, while 87.5% of those with grave atypia at the cytologic 
examination were diagnosed histologically as having cancer. A 
false negative cytologic diagnosis was made in 4% of the cancer 
cases. With a combination of palpation and cytology, 91% of the 
cancer cases fell within the groups ‘‘definite cancer," *'strong 
suspicion of cancer" (palpation)/‘‘cancer,’’ *'grave atypia” 
(cytology). No patients with cancer were evaluated as ‘‘no can- 
cer" (palpation)/**no atypia” (cytology). In this group of 697 pa- 
tients, however, one cancer was discovered after 7 months. The 
avestigation showed that a thorough palpatory evaluation is a 
prerequisite for a good result of aspiration biopsy, in particular 
to meet the risk of a false negative cytologic diagnosis. The cytologic 
examination revealed cancer in 6 and 12 cases, respectively, when 
palpation gave no or some suspicion of cancer, and in many cases 
it was able to eliminate malignancy suspected on palpation. 
Cytologic atypia indicated cancer in a relatively high per cent, but 
was also noted in many cases found to be benign histologically. 
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From the Departments of Surgery, Clinical Cytology and 
Pathology, University Hospital, Uppsala, Sweden 


The possibilities of reducing the number of "unnecessary'' surgi- 
cal biopsies by using a combination of palpation and cytology is 
discussed. 


IFFICULTIES are often encountered in the diagnosis of 
breast tumors. The most essential problem is the de- 
cision of whether or not a malignant tumor is present, but 
differential diagnosis between different benign lesions is 
also of great importance as regards therepeutic measures. 
Palpation is the natural starting point for all breast 
examinations and in some cases this is diagnosticallv 
sufficient in itself. For the diagnosis of non-palpable 
breast tumors and when palpation is rendered difficult by 
large nodulated or fibroadenotic breasts, mammography 
is a valuable addition, and this method has gained m- 
creasing application. False positive and false negative 
findings of breast cancer are common with palpation, and 
these may also occur with mammography? A reliable 
cancer diagnosis requires morphologic examination. and 
for this, biopsy of the tumor for histopathologic evalua- 
tion is the most common procedure. 

In recent years the value of fine-needle biopsy and 
cytologic examination has been discussed in several pub- 
lications.*15?72?? Results of so-called triple diagnosis (pal- 
pation, mammography and cytology) have been reported 
by Verhaege et al”® and Kreuzer et al 
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Fine-needle biopsy is a simple method. With an 
adequate technique a false positive cancer diagnosis is 
hardly likely. A few false negative diagnoses in cancer 
is unavoidable, however. With a careful technique and 
with increasing experience the frequency of false nega- 
tive findings can certainly be reduced .? 

Since 1967 fine-needle biopsy of breast tumors has 
been performed routinely at the Department of Clinical 
Cytology, University Hospital, Uppsala. There is strong 
evidence that close collaboration between clinicians and 
cytologists is necessary for optimal use of this method, 
and evidence has also been obtained that a careful pal- 
patory evaluation is an absolute prerequisite for reduc- 
tion of the risks of false negative cytologic findings. 

We therefore performed a thorough clinico-palpatory 
examination on a prospective series of totally 1244 
women with breast symptoms, and followed this by aspi- 
ration biopsy with cytologic examination in about 70% of 
these patients. The accuracy of the diagnosis by each of 
the methods and by the combination of the two was 
evaluated by comparison with histopathologic findings 
and/or results of followup examination. 


Materials and Methods 


This prospective series comprised 1244 women who 
sought medical advice at the University Hospital, Uppsala, 
for some form of breast symptom during the period August 
1972 to October 1973. For the purpose of the investigationa 
special breast tumor clinic was set up at the Department of 
Surgery. 

All women underwent clinical examination by the same 
surgeon. Fine-needle biopsy and cytologic examination 
were performed by three cytologists at the Department of 
Clinical Cytology. Histopathologic examinations were un- 
dertaken by the same pathologist as the Department of 
Pathology. 

The patient’s history and the results of palpatory, 
cytologic and histopathologic examinations were all en- 
tered in a special medical record which allowed data 
analysis of the material. The organization of the activity of 
the breast tumor clinic has been described separately.? 

Mammography was also used as a complementary diag- 
nostic method. The results of the mammographic examina- 
tions will not be reported here, with the exception of 5 cases 
where mammography contributed to the diagnosis ofoccult 
cancer. 

The diagnoses arrived at by palpation, cytology and 
histology were made independently of one another. After 
the palpatory examination aspiration biopsy was per- 
formed on all well-defined masses. The decision concern- 
ing surgical biopsy and histologic examination depended 
upon both the palpatory and the cytologic findings, special 
criteria being followed which will be described later. Fig. | 
presents the age distribution ofthe whole series of patients, 
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FiG. 1. Age distribution of total material (1244 women) with breast 
symptoms. Cytologically and histologically examined respectively are 
also indicated. i 


of those women who underwent cytologic examination, 
and of those with a histologic diagnosis. 


Clinical Examination with Palpation 


The clinical examination included a careful history- 
taking and inspection and palpation inthe sitting or standing 
and in the supine position. A preliminary diagnosis was 
made and at the same time a malignancy evaluation was 
made according to the scale: definite cancer, strong suspi- 
cion of cancer, some suspicion of cancer and no cancer. A 
palpatory diagnosis of ‘cancer’ was given to patients with 
a malignancy evaluation of ''definite cancer” or ‘‘strong 
suspicion of cancer.” Other patients were given one of the 
following diagnoses: normal findings, fibroadenoma, fi- 
broadenosis, solitary cyst, papilloma, lipoma, mastitis or 
other benign lesion. Fibroadenosis was assessed as 
localized or diffuse. 

When a cytologic examination was planned, the breast 
was always marked so that there should be no doubt that the 
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area in question should be examined, and in the cytologic 
report the position of the lesion or lesions examined was 
always described. 


Cytologic examination 

In the aspiration biopsy a modified disposable Franzen 
instrument described by Hollender and Persson? was used. 
A needle with a diameter of 0.6 mm was generally used but 
occasionally slightly coarser needles, though no coarser 
than0.8 mm, wereemployedinordertoincrease the yield of 
material. We wish to point out that a repeated palpation of 
the tumor as well as aspiration biopsy and cytologic exami- 
nation of the aspirated material (including cyst contents) 
was always performed by the cytologist. 

The clinico-cytologic diagnosis was based upon palpa- 
tion of the mass and evaluation of its degree of resistance at 
the aspiration biopsy, combined with microscopic exami- 
nation of the aspirated cells. In all essentials the cytologic 
diagnoses were classified according to the same system as 
in the histopathologic examination (see below). By and 
largethe diagnosis was made inaccordance withthe criteria 
previously described by Zajicek.?* 

In several cases the cells exhibited atypical changes, but 
not of such a nature or grade as to fulfill the criteria for a 
diagnosis of cancer. In these cases the cells were irregular in 
contour and chromatin structure and showed an increase in 
the nucleo-cytoplasm ratio and in the nuclear staining. The 
number of cells, the tendency to dissociation and the 
intercellular variation were also attributed importance in 
the evaluation. In these cases the described changes were 
evaluated quantitatively, into slight, moderate and grave 
atypia. 


Histopathologic examination 


A conventional histologic technique, with embedding of 
the material in paraffin was used. In patients in whom the 
cytologic examination did not give a clear diagnosis of 
cancer but in whom cancer was strongly suspected on the 
basis of palpatory and/or cytologic findings, frozen sec- 
tions were examined. The histologic diagnoses for benign 
lesions were fibroadenoma, fibroadenosis, papilloma, sol- 
itary cyst, lipoma and mastitis. The term fibroadenosis 
included, in principle, the different groups which according 
to WHO" are classified under the name "mammary 
dysplasia," as well as the lesion in younger women which 
often goes under the name mastodynia.! 5 The his- 
topathologic classification of the malignant tumors fol- 
lowed that of Ackermann. 


Course of examination and selection criteria 


Subsequent to the clinical examination including palpa- 
tion, 882 of the total 1244 women underwent aspiration 
biopsy. In the others, normal conditions or diffuse fi- 
broadenosis was found on palpation. 


DIAGNOSIS OF BREAST LESIONS 
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All women with a well-defined mass were subjected to 
aspiration biopsy. If this examination revealed cancer, no 
surgical biopsy was performed before mastectomy but if 
grave atypia was reported. surgical biopsy was always 
carried out even if the palpatory finding was "definite 
cancer." 

Surgical biopsy was performed as an outpatient clinic 
procedure when there was only a lesser degree of malig- 
nancy suspicion. The surgical biopsy was almost always 
done under general anesthesia and the following indica- 
tions were established: 

Surgical biopsy was performed: 1) when malignancy was 
suspected on palpation (‘definite cancer." "strong suspi- 
cion of cancer," "some suspicion of cancer ^) if (a) 
cytologic examination did not reveal a cyst and micro- 
scopic cellexamination showed normal conditions, and the 
palpatory findings became normalized: (b) the cytologic 
examination did not give reason for reconsideration of the 
palpatory finding (e.g. fibroadenosis became mastitis): 2) 
when palpation gave no reason to suspect malignancy fut 
(a) cytology revealed atypia; (b) fibroadenoma was pres- 
ent; (c) blood-stained secretion was present: (d) a well- 
defined ‘‘*fibroadenotic’’ mass was present which had been 
noticed for longer than a few months. The indication for 
surgical biopsy increased with age and other risk factors. 

After excision of a benign lesion a followup was per- 
formed about 6 months later. as arule, when the patient was 
over 35 years, and on special indications in younger wom- 
en. The following well-defined groups were checked at 
intervals: 1) women with any degree of suspicion of malig- 
nancy on palpation at the first examination; 2) women 
exhibiting cytologic atypia; 3) women in whom a solitary 
cyst had been evacuated. 

Also followed up were the majority of women over 40 
years of age even if there were no pathologic findings at the 
first examination. The followup took place after 3-6 months 
and subsequently as deemed necessary for up to 2 years 
following the first visit. At the followup examinations 
mammography was used in over 90% of the women over 40 
years. All women were instructed in self-examination and 
were recommended to do this once a month. 


Results 


Among a total of 1329 breasts with clinical signs of 
disease, cytologic examination was done in 984 and his- 
tologic in 411. In all but 30 of the breasts the histologic 
examination was preceded by a cytologic one. performed 
some day before the operative intervention, In 315 breasts 
neither cytologic nor histologic examinations were per- 
formed. 


Palpation 


cluded in 53 breasts, "strong suspicion of cancer” in 72. 
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TABLE |. Histology in Relation to Palpatory Evaluation of Malignancy 
in 411 Breasts. 


Palpation 
Strong Some 
Definite suspicion suspicion No 
Histology cancer of cancer of cancer cancer Total 
Cancer 49 36 [8 i] 114 
Other malignant 
tumor ] l 
Atypia 2 2 | 0 5 
Benign Lesion 2 27 57 205 29] 
Total 53 65 77 216, — 411 


"some suspicion of cancer’’ in 11 1 and 1093 were evaluated 
as "no cancer." 

All tumors in the "definite cancer’? group underwent 
histology after palpation and aspiration biopsy, whereas 7 
out of 72 in the group “strong suspicion of cancer’’ and 34 
out of 111 in the group "some suspicion of cancer” did not 
undergo histologic examination primarily. This was be- 
cause the 7 first mentioned lesions proved to be cysts at 
aspiration biopsy. Among the 34 last mentioned aspiration 
biopsy revealed mastitis, cysts or fibroadenosis. In the ^no 
cancer" group (1093 breasts) histologic examination was 
performed in 2046 and cytologic in almost 7062. 

In Table | the histologic diagnosis is presented in relation 
to the grade of suspected malignancy on palpation. In the 
group evaluated on palpation as ''definite cancer" there 
were 4 patients with a non-cancer diagnosis histologically. 
Two of these, however, showed atypia comparable with 
pre-malignant lesions, one had mastitis and one showed 
normal histology. 

In the group "strong suspicion of cancer” 36 out of 65 
breasts with a histologic diagnosis had cancer. In the group 
"some suspicion of cancer'' the corresponding figure was 
18 cancers out of 77 breasts with a histologic diagnosis. In 
this group an occult cancer in a 77-year-old woman was 
detected during the followup period. In the group with a 
palpatory evaluation of ‘no cancer," 11 cancers were 
discovered among 216 breast tumors for which a primary 
histologic diagnosis was made. 

Among the 562 breasts with lesions evaluated as ‘‘no 


TABLE 2. Overall Results of Palpation in Breast Lesions With Histologic andíor Cytologic Diagnosis 
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cancer" and with no histologic diagnosis but examined 
cytologically the palpatory diagnosis remained unchanged 
in 507 breasts after cytologic examination and followup. 
Among the others, cancer was found in one 49-year-old 
woman at followup 7 months later. Mammography gave a 
negative result. At histology the tumor measured less than 
10 mm in diameter. 

The differential diagnosis between a fibroadenoma and a 
cyst is difficult. Among 52 histologically verified fi- 
broadenomas the palpatory diagnosis was fibroadenoma in 
35 cases (67%) but solitary cystin 8 cases (15%). Among the 
tumors which on palpation were diagnosed as solitary 
cysts, the majority came under the final diagnosis of 
fibroadenosis. Thus the cyst was evacuated at aspiration 
biopsy but because of residual palpatory findings surgical 
biopsy was performed and the histologic diagnosis became 
cystic fibroadenosis. The comparison between the palpa- 
tory and histologic diagnosis, of benign changes, with the 
exceptions mentioned, showed that the palpatory diag- 
noses usually gave a fair evaluation of the nature of the 
breast changes. | 

Table 2 presents the palpatory malignancy evaluation for 
tumors with a primary histologic diagnosis and/or sub- 
jected to cytologic examination and followup. The cancer 
series included the two cancers discovered at followup. In 
the group ‘‘definite cancer” a false positive cancer diag- 
nosis was made in 7.596 but half of these diagnoses were 
atypia (pre-malignant lesion). A false negative cancer 
diagnosis in the group *‘no cancer’’ was made in 1.5% while 
in the group ‘‘some suspicion of cancer” 17.1% had a final 
diagnosis of cancer. 


Cytology 


Aspiration biopsy was performed on tumors in 984 
breasts. In 381 cases the cytologic results were compared 
with the subsequent histologic findings (Table 3). In 76 
tumors cytologically diagnosed as cancer, the histologic 
examination also revealed cancer. No false positive cancer 
diagnosis was made. Among 16 breast tumors with a 
cytologic finding of ‘‘grave atypia’’ (strong suspicion of 
malignancy), 15 (87.5%) were given histologic diagnoses of 
cancer and the other two fat necrosis and fibroadenoma, 
respectively. In 9 (2726) of the 33 breasts in which cytology 
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| Strong Some 
Final Definite suspicion suspicion No 
Diagnosis cancer of cancer of cancer cancer Total 


No. of breasts 


Cancer (%) 92.5 
Atypia (%) 3.7 
Benign lesion (92) 3.8 
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TABLE 3. Cytologic Findings in Relation to Histology in All Breasts Examined Both Cytologically and Histologically 


Grave 
Histology Cancer atypla 
No. of breasts 76 16 
No. of cancers 76 i4 
Cancer (%) 100 87.5 
Atypia (%) — — 
Benign lesion (92) — 12.5 


revealed moderate atypia, the histologic diagnosis was 
cancer, and histologic atypia was found in a further 5 
breasts, including one case ofcystosarcoma phyllodes with 
uncertain malignancy. Out of 26 breasts in which cytologic 
examination showed slight atypia, the histologic diagnosis 
was cancer in 4 cases (15%). The group "no atypia” 
included tumors in which aspiration biopsy gave an unsatis- 
factory yield and where there was reason to suspect 
non-representative samples at the cytologic examination. 
In this group 4 cancers (1.7%) were diagnosed, which 
corresponds to our cytologic false negative findings. 

In Table 4 the primary cytologic result is related to the 
final diagnosis for all breasts primarily subjected to aspira- 
tion biopsy. For the two cancers discovered at followup, 
however, the cytologic result at the time of discovery ofthe 
cancer (moderate atypia and no atypia) was included. The 
cancer frequency in the whole group with ‘‘moderate 
atypia’’ was 24% and in the whole group with slight atypia 
8.7%. One cancer was added to the group of "^no atypia,” 
from the followup examination, and the cancer frequency 
in this group then became 0.6%. 

Up to this point the results of the cytologic examination 
have only been evaluated as regards malignant versus 
benign lesions. As concerns benign lesions patients with a 
histologic diagnosis of fibroadenosis had this same diag- 
nosis cytologically inthe majority ofthe cases. In 25 breasts 
the cytologic diagnosis was ‘‘normal’’ (indicating unsatis- 
factory sampling), in 16 cases the cytologic examination 
revealed a cyst, in 30 cases fibroadenoma and in 5 cases 
mastitis. This will illustrate the multifaceted picture pre- 








Cytology 
Moderate Slight No 

atypia atypia atvpta Total 

33 26 230 381 

9 4 4 107 

21.3 15.4 1.7 28.1 
[5.2 — 0.4 1.6 
37:5 84.6 97.8 70.3 
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sented by many benign breast tumors, with its consequent 
diagnostic difficulties. 

A cytologic diagnosis of a cyst (content | ccm or more) 
was done in 98 breasts. In 85 breasts the few cells inthe cyst 
fluid showed no atypia. In 7 there were epithelial cells 
showing a slight degree of atypia and in 2 atypia of moderate 
grade. Of those 9 cases one proved to have a papillary 
cancer. In three cases the cytology as well as the his- 
topathology revealed cancer. In the four cancer cases the 
malignant tumors were situated inthe cyst wall. Among the 
94 other cyst cases all with atypical epithelial cells were 
biopsied as were 14 without atypia but with remaining lump 
after fine-needle biopsy. All other werefollowed upone or 
several times for 6 months up to 2 years. No cancer was 
discovered. 


Palpation and Cytology 


The value of combining palpation with aspiration biopsy 
and cytologic examination is illustrated in Table 5. Of the 
114 cancer cases detected primarily, 7 did not undergo 
cytologic examination. Of the remaining 107 cancer cases. 
76 were diagnosed cytologically as cancer. Three of these 
had been evaluated on palpation as "no cancer" and 10 as 
"some suspicion of cancer." Of the breasts presenting 
grave atypia at cytology, in 3 cases cancer was not sus- 
pected on palpation, and in another 3 there was "some 
suspicionof cancer.’’ Seventy-three percent ofthe cancers 
was included into the palpatory groups "definite cancer" 
and "strong suspicion of cancer," and 84% into the 
cytologic groups "cancer" and "grave atypia. When 


TABLE 4. Cytologic Findings versus Final Diagnosis in All Breasts With Primary Cytologic Examination 
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Cytology 

Final Grave Moderate Slight No 

Diagnosis Cancer atypia atypia atypia atypia Total 
No. of breasts 76 16 4] 46 807 986 
No. of cancers* 76 14 10 4 5 109 
Cancer (%) 100 87.5 24.4 8.7 0.6 [1.1 
Atypia (%) — — 12.2 — 0.1 0.6 
Benign lesion (%) — 12:5 63.4 91.3 99,3 88.3 


a A T e e a S e a a a T a t a a a T e mme e e emm i ian 





*Included two cancers discovered at followup examination (cytology: moderate atypia, no atypia, respectively) 
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*The figure over the line represents the number of cancers. 


these palpatory and cytologic groups were combined, 9 1% 
of the cancers were detected. The 10 remaining cancer 
cases (9%) came from the uncertainty groups "some suspi- 
cion of cancer" (palpation) and/or ^*moderate— slight 
atypia” (cytology). None of the cancers were found in the 
group "no cancer’ (palpation)/"no atypia" (cytology). 

The diagnostic certainty of the combination of palpation 
and cytology in our series is expressed as risk figures. The 
percentages represent the probability of cancerin combina- 
tions of different grades of cytologic and palpatory suspi- 
cionof malignancy. Thetable illustrates theaccentuation of 
the risk of cancer with increasing suspicion of malignancy 
on palpation, and the even greater accentuation with 
increasing grades of atypia; also the finding that a cytologic 
diagnosis of cancer always meant cancer. 


Discussion 
















Thepalpatory diagnosis entails considerable uncertainty 
as regards differentiation between benign and malignant 
breast tumors. Ackerman! stated that a correct palpatory 
diagnosis of cancer was made in only about 50% and that 
even experienced examiners made the right diagnosis in 
only 70% of cancer cases. Leis!’ gave a figure of 80% and 
even one of the most experienced diagnosticians, namely 
Haagensen,’ reported a certain frequency of wrong diag- 
noses in his personal material. 

It is important to discuss separately false positive and 
false negative findings. With the present demands for 
microscopic verification of the cancer diagnosis prior to 
definitive surgery, a false positive palpatory diagnosis 
hardly implies any risk for the patient. A false negative 
palpatory diagnosis on the other hand, may mean a fatal 
delay in the initiation of treatment. Ochsner and Griffith? 
reported a false positive palpatory diagnosis in 496, while 
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TABLE 5. Combinatory Diagnostic Accuracy of Palpation and Cytology. Proportion of Cancer in Relation to Benign Lesions in Groups of 
Diagnostic Combinations 











Palpation 
Strong Some ë 
Definite suspicion suspicion No. 
Cytology cancer of cancer of cancer cancer Total 
Cancer ss * aN he 2 oe | 
100% 100% 100% 100% 100% 
Grave u^ u^ a? 2d s 
atypia 100% 100% 78% 75% 87.5% 
Moderate Pe u^ MT fas 
atypia — 50% 37.5% 14% 26% 
Slight le Me "n E 
atypia — 12.596 14% 6% 9% 
No "hs * hag "ho "eer ^ ge 
atypia 33% 8% 1% 0% 0.5% 
Total a d 32 isa "B T x 107 lata 
96% 48% 17% 1.5% 1196 





The figure under the line represents the number of all patients in the group. 


Storrs”? had a figure of 30%. Kreutzer et al.!? could verify a 
cancer diagnosis in 45% of their patients in whom the 
palpatory findings indicated suspected cancerand Venet et 
al.,? reported a cancer frequency of 35% among patients in 
whom the clinical impression was "suspicion of malig- 
nancy" or "malignant." In our series, 7.5% of the palpat- 
ory diagnoses of "'definite cancer’’ were false positive. In 
cases "strong suspicion of cancer” on palpation the cancer 
frequency was 50%, and in those with “some suspicion of 
cancer’’ it was about 20%. The cancer frequency rose 
almost linearly with the suspicion of malignancy in the 
present series, but a certain frequency of false positive 
cancer diagnoses on palpation is inevitable. 

Frequency figures for false negative cancer diagnosis 
must always be minimal as very small cancerous tumors 
are frequently missed at routine histologic examination." 
The frequency of false negative cancer diagnoses in a 
biopsy material therefore varies both with the indications 
for biopsy and with the accuracy of the histopathologic 
examination, and also, of course, with the criteria for a 
palpatory diagnosis of ‘‘benign lesion." In different 
materials, false negative cancer diagnosis have been re- 
ported in a frequency of 3.6% to just over 2066.12:1823:24.25 
In our series when the tumor was examined histologically 
a false negative palpatory evaluation was made in 5% 
(Table 1). Among all tumors examined cytologically and 
evaluated on palpation as *'no cancer” the cancer fre- 
quency was 1.5% (Table 2). 

The method of cytologic examination has long been 
discussed and Franzén and Zajicek“ reviewed the litera- 
ture on this subject. With the exception of the puncture of 
cysts, judging from the literature?! aspiration biopsy has 
not been used very extensively for the diagnosis of breast 
tumors. In recent years, however, several series have 
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been presented in which aspiration biopsy have been 
employed routinely for this purpose .?*5191521 

. A prerequisite for the use of cytologic examination as a 
reliable method is that no false positive cancer diagnoses 
are made. This demands considerable restriction. and 
stringent criteria for a diagnosis of cancer, which must 
entail an increase in the number of cases with a diagnosis 
of strong suspicion of malignancy (grave atypia). No false 
positive cancer diagnoses were made in the present 
series. Sporadic case of false positive cancer diagnosis 
otherwise occur in most of the reported series. The fi- 
gures varied from a frequency of 5.899 to less than 
0.196 ^ 

In the present series 107 cancers were examined 
cytologically. In 7196 the cytologic diagnosis was cancer 
compared with 88-48% in several other series.*:*:1977 
Franzén and Zajicek* among others have shown how the 
reliability in the diagnosis is improved with increasing 
experience. 

When evaluating so-called false positive cytologic 
cancer diagnoses it is necessary to examine the his- 
topathologic examination just as closely as the cytologic. 
We have no other frame of reference for the his- 
topathologic examination than an even more thorough 
macroscopic and microscopic inspection of the speci- 
mens. With increased use of mammography more and 
more small lesions will be discovered which, with a good 
cytologic technique, will be diagnosable in a large propor- 
tion of cases.? Histologic verification of these diagnoses 
may demand a very thorough scrutiny of the specimens.”” 

Stringent criteria for cytologic diagnosis of cancer en- 
tail a higher proportion of suspected cancer diagnosis. 
Evers and Fishedick? made a diagnosis of strongly sus- 
pected cancer in 15% of their cancer cases and Zajicek et 
al?? in 14%, but Zaidela and Rousseau? in only 3%. In 
the present series cytology revealed grave atypia in 14 of 
the cancer cases (13%) with a high specificity in that only 
2 cases diagnosed cytologically as grave atypia were 
given a benign diagnosis at histology. 

Slight or moderate atypia was found in 12% of our 
cancer cases while Zajicek et al.?? reported atypia in 1.6% 
and Evers and Fishedick? in 25%. Thus here is an even 
greater discrepancy between different authors. One of 
the reasons must be differences in the criteria for a diag- 
nosis of atypia and another the difficulty for even one and 
the same examiner to apply this criteria strictly. 

The reliability of the cytologic examination is entirely 
dependent upon the representiveness of the aspiration 
biopsy. False negative findings will therefore be made 
even in the most thorough examination. The tumor may 
be missed at the puncture and in tumors with abundant 
connective tissue it may be difficult to withdraw a suffi- 
ciently large number of cells. The frequencies of false 
negative cancer diagnoses ranged from 7.6% in the series 
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of Zaidela and Rousseau”? to 26.7% in that of Shiller- | 
Volkova and Agamova.? In our series a false negative | 
diagnosis was made in 3.7%. As did other authors" we 
found the risk of missing cancers in cyst walls to be 
minimal. 

Our investigation showed that the combination of pal- 
pation and cytologic examination gave a high degree of 
reliability in detecting cancer cases. Ninety-one per cent 
of the cancer cases were in the groups "definite 
cancer’’—‘‘strong suspicion of cancer’ (palpation)/ 
‘*cancer’’—‘‘grave atypia’’ (cytology) and 9% in the 
groups ‘‘some suspicion of cancer" (palpation) atypia 
(cytology). In the combination "no cancer /"no atypia” 
the risk was 0 and even if we include a later discovered 
cancer the risk figure was 0.0014 as there were 697 pa- 
tients in this group. As soon as there was any suspicion of 
malignancy in the palpatory examination and especially 
when cytologic atypia was added the probabilitv of 
cancer rapidly increased. 

Haagensen, among others, has pointed out the impor- 
tance of restraint in biopsies of "cystic disease." We 
have shown that under optimal conditions with a combi- 
nation of palpation and aspiration biopsy good differen- 
tial diagnosis can be made between various benign 
changes and we have been able to pick out definite or 
suspected cancers with a high degree of reliability. 

With an active preoperative diagnosis the tumors can 
be selected such that many surgical biopsies are obviated 
while the diagnostic certainty nevertheless remains high. 
Further in many cases where cancer has not been sus- 
pected at the palpatory examination a preoperative diag- 
nosis of cancer can be proved. 

The advantages of combining palpation and aspiration 
biopsy can be summarized as follows: 

Cytologic diagnosis of cancer obviates preoperative 
excision. When cancer is suspected at palpation cytology 
can confirm a diagnosis of cancer (obviates preoperative 
biopsy), increase the suspicion of malignancv in different 
varieties of atypia (biopsy necessary), abolish a suspicion 
of malignancy (cyst), reduce a suspicion of malignancy 
and possibly obviate an immediate biopsy. When there is 
no palpatory suspicion of malignancy cytology can give 
an unexpected diagnosis of cancer, give rise to a suspi- 
cion of malignancy (atypia), increase the probability of 
the palpatory diagnosis "benign lesion" provided a rep- 
resentative sample has been obtained. 
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Human Skeletal Muscle Energy Metabolism during 
and after Complete Tourniquet Ischemia 


The extent of cellular metabolic deterioration and its reversibility 
was studied on human skeletal muscle needle biopsies during 
operations in bloodless field. The tissue levels of high energy 
phosphates and glycolytic metabolites were analyzed after various 
times of tourniquet ischemia and compared to contralateral con- 
trol extremity levels. In the ischemic extremity the phospho- 
creatine (CrP) levels decreased by 40% within 30-60 min and after 
60-90 min a 60% reduction was found. No significant ATP 
changes occurred. Lactate levels increased by 225% after 30-60 
min and by 300% after 60-90 min. The glucose and G-6-P levels 
increased slightly and indicated glycogenolysis. The rate of the 
metabolic changes decreased with ischemia time. In the control 
leg no significant metabolic changes could be seen. After the 
release of the tourniquet there was a rapid restoration of the 
phosphagen content and clearance of lactate in the ischemic leg. 
Near control levels of these substances were seen already after 5 
min. The present results show that clinical tourniquet ischemia of 
up to 90 min duration produces less pronounced metabolic altera- 
tions than those seen in working muscle. 


ý bs USE of tourniquet for obtaining a bloodless field is 
an essential and accepted tool for extremity opera- 
tions. The Esmarch bandage"! initially used was known 


sometimes to induce various degrees of postoperative 
nerve palsy. This type of complications is rather rare 
since the use of pneumatic tourniquet was introduced ? It 
is, however, well known that the risk for complications 
increases with the time of ischemia and that continuous 
tourniquet times of less than 2 hours may be considered 
as relatively safe? The reason for complications, when 
occurring, has often been discussed either as a conse- 
quence of direct pressure of the tourniquet on a nerve? or 
as due to ischemia-induced tissue changes.’*! For a 
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proper functional state the peripheral nerves are depend- 
ent on an adequate supply of oxygen and a functioning in- 
traneuronal microvascular system. Rather short ischemia 
times of 25-30 min have been shown to result in sensory 
recovery within one minute but with a delay of fully 
restored motor function of 10-17 min.!'*?* The time for 
reestablishing of intraneuronal circulation has been con- 
sidered as important for recovery and the use of heparin 
to prevent microvascular blockage has been reported 
beneficial in animal experiments? An extensive study by 
Lundborg? has experimentally shown, however, that the 
intraneuronal microcirculation in rabbits is completely 
restituted after a circulatory arrest of 6-8 hours ischemia 
and thus has a wide "margin of safety." 

That direct metabolic changes may play an important 
role is evident since Paulucci! and Fogliani’* found that 
the release of ‘‘constrictors’’ applied to one or both 
thighs of experimental animals for more than 3 hours 
resulted in a severe decrease of blood pressure and death. 
Rat experiments have shown significant local metabolic 
and energy changes. Wilson and Roome” also consid- 
ered that absorption of metabolites from the ischemic 
limb was the main reason for the primary fall in blood 
pressure. 

The cellular metabolic changes during clinical ischemia 
have often been more indirectly approached by studies 
based on venous blood parameters in the ischemic ex- 
tremity.39?* The present study was undertaken directly to 
study the effect of tourniquet ischemia on the cellular 
metabolism and especially on high energy phosphate 
level of human skeletal muscle. The adenosintriphos- 
phate (ATP), phosphocreatine (CrP), glucose-6- 



































































































































































































































phosphate (G-6-P), glucose and lactate levels of needle 
biopsies of skeletal muscle were determined preopera- 
tively after various times of ischemia, and after release of 
the tourniquet and also compared to the levels in the 
non-ischemic control extremity during the course of op- 
eration. Comparisons were made to the effect of routine 
operations on the corresponding muscle metabolite 
levels. 


Material and Methods 


From otherwise metabolically healthy patients (age 
range 3.5 - 16 years) biopsies were taken from the lower 
extremity after the induction of anesthesia, at the end of 
the complete tourniquet ischemia period and in some 
cases, ischemic for 60-90 min, also 5 and 10 min after the 
release of the tourniquet. After the same time periods 
_ biopsies were taken from the contralateral nonischemic 
leg. These patients were operated on for knee joint le- 
sions or certain low leg fractures. 
|. Healthy children of similar age range who were to be 

operated upon for minor defects such as hernia in- 
| guinalis, retentio testis etc. were also used for obtaining 
| more extensive control data. Skeletal muscle biopsies 
' were taken immediately after the induction of anesthesia 
| to prevent effects caused by various times of anesthesia. 
After barbiturate induction, NO, O,, halothane anes- 
thesia was used in all cases. 

All the biopsies were taken from the vastus lateralis 
muscle using the needle biopsy technique described by 
Bergstrom.’ Skeletal muscle samples weighing 20-30 mg 
wet weight were obtained. No complications or major 
discomfort due to the sampling were observed. Within a 
few seconds after the sampling the biopsies were frozen 
in liquid nitrogen. The frozen biopsies were homogenized 
at 0 C in 3 M perchloric acid (300 41) and neutralized with 
2 M KHCO, (850 u1). After centrifugation the superna- 
tants were collected and stored frozen at ~20 C for sub- 
sequent analysis of the water soluble metabolites. The 
pellets were used for protein determinations with the 
Folin phenol reagent technique according to Lowry et 
al. using crystalline bovine serum albumin as a stan- 
dard. 

To obtain the relation between fresh weight and protein 


content with the above Lowry technique, some samples 
were weighed fresh with a recording Cahn RG Electro- 


balance enabling direct correction for evaporation duri ng 
the weighing by extrapolation to the wet weight value at 
the taking of the biopsy. After the weighing the samples 
were frozen in liquid nitrogen, homogenized as above and 
the pellets were used for protein determinations while the 
supernatants were discarded. Such analysis made it pos- 
sible to calculate the metabolite levels both on basis of 
protein as well as on basis of fresh weight. Data reported 
in literature are often based on fresh weight values, but 
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according to our experience, protein determinations give 
less variation and thus more reproducible tissue metabo- 
lite levels. Due to the rapid decomposition, especially of . 
the high energy phosphate compounds, weighing, at a 
temperature of —20 C or even lower is necessary for fresh 
weight registrations of biopsies subsequently to be 
analyzed for metabolites. It was not possible for us to 
obtain satisfactory weighing reproducibility at such a low 
temperature, and therefore the metabolite data presented 
below are given per amount of protein. The above exper- 
iments, however, make it possible to recalculate the data 
on fresh weight basis to be able to compare the obtained 
skeletal muscle levels with such previously reported for 
human skeletal muscle. 

The analysis of the tissue metabolites were performed 
enzymatically mainly according to Lowry et al.” but with 
minor modifications according to Karlsson.'? The 
purified substances and enzymes were obtained from 
Sigma and Boehringer. The enzymatic reactions were 
carried out in prematched test tubes (reagent volume 3 
ml) in a Beckman ratio fluorometer measuring the 
NADPH or 8-DPNH fluorescence. The ATP, CrP, glu- 
cose and G-6-P analyses were carried out in Tris media, 
pH 7.5, containing 5 mM MgCl, and BSA 0.01%. For 
lactate analyses a hydrazine-glucine buffer was used. The 
fluorescence of each of the skeletal muscle metabolites 
studied was quantified by analyses of standard solutions 
of metabolites in identical test media. 

Differences in the mean skeletal muscle metabolite 
levels between the various groups of patients were tested 
with the t-test. 

Results 

The mean skeletal muscle levels of ATP, CrP, G-6-P, 
glucose and lactate for preoperative control patients are 
given in Table 1. Comparison is made between the levels 
obtained using protein as reference standard and those 
calculated on fresh weight basis after determination of 
the protein-fresh weight relation. The obtained protein 
content was 9.896, S.D. + 0.596 of the wet weight. The 
tissue levels of ATP, CrP, G-6-P and lactate obtained are 
in agreement with previously reported values for resting 
human skeletal muscle.!^"* No significant difference was 


TABLE l. The Skeletal Muscle (m. vastus lat.) Content of ATP, CrP, 
G-6-P, Glucose and Lactate of Pediatric Patients Prior to Operation 
For Minor Surgical Problems. 





mmoles x 10?/mg protein mmoles x kg"! fresh weight 





ATP 44.9 + 24 4.4 + 0.2 
CrP 134.0 + 10.5 15-] 5€ E: 
G-6-P 5.9 - 0.9 0.6 + 0.1 
Glucose 15.2 + 1.9 Lo £ 0.2 
Lactate 16.2 + L7 1.6 + 0.2 





* Comparative values using fresh weight or protein as reference stan- 
dard. S.E.M. values given. n= 16. 
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TABLE 2. ATP, CrP, G-6-P, Glucose and Lactate Content in Mmoles x 10-°img Protein in Skeletal Muscle Needle-biopsies of Control Patients 
Preoperatively; Of Patients Undergoing Lower Extremity Operations Using Tourniquet for € omplete Ischemia for 30 to 90 min; And of Patients 
(Ischemic for 60 to 90 min) 5 and 10 min After Release of Tourniquet 


30-60 min complete 60-90 min complete 5 min after release 10 min after release 
Preop ischemia ischemia of tourniquet of tourniquet 


I C I 
n= 16 nz$ n=3 n-3 
ATP 44.9 56.2 : $3.4 48.6 
+2.4 -8.3 +4.7 t4.l 
CrP 154.0 80.6 i : 118.5 126.7 
+10.5 +23.3 F: 5, 312.7 aad ye 
G-6-P 5.9 I7 10.6 7.0 
+0.9 +29 ; E2. +4.5 +31 
Glucose 15.2 17.0 9, 16.9 12.7 
+1,9 Ei : +3.6 +3.4 


Lactate 16.2 32.7 4. 21.5 17.5 
+17 +44 : 6 ux E +6.8 
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NOTE: I—ischemic leg; C—contralateral control leg. S.E.M.—values given. 


observed between the tissue metabolite levels of 5-6-  non-ischemic leg of the patients operated. The effect of 5 
year-old children as compared to 15-16-year-old ones. and 10 min, respectively, of reestablished circulation on 
In Table 2 the ATP, CrP, G-6-P, glucose and lactate the skeletal muscle metabolism in the leg subjected to 
content in mmoles x 10-9/mg protein of skeletal muscle tourniquet for 60 to 90 min is also given and compared to 
during complete tourniquet ischemia are compared to the the corresponding metabolism in the control leg during 
corresponding levels in control patients and also in the the same postoperative period. These temporal events 
are also graphed in Fig. | for ATP and CrP, and in Fig. 2 
for G-6-P and lactate to make them more easy to survey. 
There were no significant changes in the ATP content 
of the skeletal muscle during the complete ischemia 
period as compared to the control patients or to the 
control leg (Fig. 1). Since the high energy phosphate 
compounds of skeletal muscle are involved in the follow- 
ing reaction: 
Phosphocreatine + ADP €3Creatine + ATP 

where CrP is the high energy pool, no such acute changes 
in ATP can be expected. The reaction, which is catalyzed 
by the enzyme creatine phosphokinase, is balanced in 
such a way as to keep essentially all the ADP phosphoryl- 
ated as ATP at all times, at the expense of CrP. There- 
fore, changes in the high energy phosphate content of 
skeletal muscle will mainly be reflected in the CrP level. 
During the complete ischemia the CrP level reflects such 
a marked decrease of the total high energy phosphate 
content (Table 2; Fig. 1). A 30-60 min tourniquet ischemia 
resulted in a 4896 decrease of the CrP level in the is- 
chemic muscle and 60-90 min ischemia in a 60% reduction 
as compared to the preoperative values. In the contralat- 
eral non-ischemic leg also a slight decrease in the CrP 
level occurred in relation to time but the corresponding 
decrease was only 8% and 23% respectively. The differ- 
pee ae i ences between the non-ischemic contro! leg and the is- 
tourniquet chemic leg, however, were significant (P<0.05) for both 
Fic. 1. Effect of tourniquet ischemia on the CrP levels of skeletal time intervals studied. The release of the tourniquet after 

muscle from the ischemic leg (--A-) as compared to that from the y | —— : pos Ju 
60-90 min of complete ischemia resulted in a rapid in- 


contralateral control leg (—4À —) and corresponding ischemic (--@-) and : 
control (—®—) ATP levels. For S.E.M. values consult Table 2. crease of the CrP content of the previously ischemic 


-6 
mmotes «10 /mg prot. 
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0 30-60 60-90 +5 -10 min 
Contr. release of 
tourniquet 


Fic. 2. Effect of tourniquet ischemia on the lactate levels of skeletal 
muscle from the ischemic leg (--A-) as compared to that from the 
contralateral control leg (—4 —) and corresponding ischemic (--9-) and 
control (—®—) G-6-P levels. For S. E.M. values consult Table 2. 


muscle during the first 5 min period. During the following 
5-min period a further but slower increase occurred, simi- 
lar to that observed in the contralateral control leg during 
the whole postoperative 10-min period studied. 

The tourniquet ischemia had a significant (P« 0.05) ini- 
tial effect on the muscular G-6-P level, which increased 
as compared to the contralateral control leg during the 
first 30-60 min (Table 2; Fig. 2). During the same time 
period the glucose content also increased (P«0.05) in the 
ischemic leg. After 60-90 min this glucose mobilization in 
the ischemic leg was no longer so pronounced as com- 
pared to the control leg, partly due to an increased 
mobilization also in the control leg. The release of the 
tourniquet resulted in a rapid decrease of the G-6-P val- 
ues during the first 5 min, while during the following 
5-min period a slight increase was observed in both legs. 

Thirty to sixty minutes of tourniquet ischemia gave rise 
to a 225% increase of the lactate content in the muscle 
and prolonged ischemia, in total 60-90 min, to a further 
but slower increase to totally 30006 compared to resting 
values for control patients. In the contralateral control 
leg also a slight lactate increase occurred, but the differ- 
ence to the events in the ischemic leg were significant 
(30-60 min - P«0.01; 60-90 min - P«0.05). Postopera- 
tively after the release of the tourniquet a rapid decrease 
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of lactate levels to resting skeletal muscle values were 
observed during the first 5-min period. = 


Discussion 


The metabolic consequences of complete tourniquet 
ischemia during human extremity operations have previ- 
ously been more indirectly studied through blood 
analysis of parameters such as pH, PCO,, Pœ, standard 
bicarbonate, lactate and pyruvate as well as potassium 
changes during and after ischemia ?? Previous experimen- 
tal evidence, however, has clearly shown that in situa- 
tions, where the normal tissue perfusion is considerably 
changed, blood parameters are not representative for the 
actual degree and extent of local cellular changes.'* 
Therefore it was considered of importance to study direct 
cellular metabolic parameters for more exact evaluation 
of the effect of tourniquet ischemia and also to study the 
postischemic duration necessary for normalization of 
such changes. 

The present results show a marked decrease in the high 
energy phosphate pool, a glucose mobilization as evi- 
denced from the increased G-6-P and glucose levels and a 
lactate accumulation in skeletal muscle during complete 
tourniquet ischemia. Glycogen changes were not studied 
as the G-6-P and glucose changes instead were used as 
indicators of glycogenolytic and glucogenetic activities. 
Such metabolic changes as the observed ones are of 
course expected during a relatively longlasting complete 
circulatory arrest which prevents proper oxygenation and 
abolishes the nutritive flow to the tissues as well as the 
clearance of local products from cellular metabolic ac- 
tivities. The ensuing anaerobic metabolism will result in 
an incomplete glycolysis where the breakdown of one 
molecule of glucose to lactate results in the production of 
2 molecules of ATP as compared to that of about 38 
molecules of ATP during complete aerobic oxidation of 
glucose. 

The extent of the observed metabolic changes even 
after 60-90 min of complete ischemia are surprisingly 
small in comparison to those observed for example in 
working human muscle. During maximal exercise in man 
the CrP decrease and the lactate increase are much more 
dramatic.'^!775 Also a significant decrease of the ATP 
content is observed during exercise indicating so fast a 
use of energy that the compensation via the reaction - 

Phosphocreatine + ADP €3Creatine + ATP 
- is insufficient to keep all the ADP phosphorylated as 
ATP at the expense of CrP. During exercise the blood 
flow to the working muscles is also markedly increased, 
enabling a continuous clearance of metabolites as re- 
flected in changed central blood levels of metabolites. 

In the case of tourniquet ischemia a quite different 
situation is at hand. The skeletal muscle is in a resting 
condition and only an energy demand sufficient to cope 
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with the basal metabolic needs is necessary. Due to the 
low energy expenditure the development of a metabolic 
deterioration induced by the anoxic situation is slow in 
spite af the complete circulatory arrest. This is also re- 
flected in the fact that no significant decrease in ATP 
levels was observed as the time necessary for keeping all 
the ADP phosphorylated as ATP at the expence of CrP 
was always sufficient. In the course of the anoxic time 
period one would expect, however, a linearily increasing 
or even accelerated metabolic deterioration. No such 
effect was observed. On the contrary the rate of the 
metabolite accumulation and the energy phosphate re- 
duction decreased with increasing tourniquet time. This 
decrease in the rate in relation to time is due to the 
continuous decrease in temperature in the non-perfused 
extremity. The metabolic rate of the ischemic skeletal 
muscle consequently decreases and partly protects the 
tissues against the harmful effects on anoxia.2 Animal 
experiments have also shown that the use of additional 
local hypothermia during prolonged tourniquet occlusion 
is protective against destructive changes/* and similarly 
local cellular damage during hemorrhagic shock has been 
shown to diminish during hypothermia.!?!5 It is therefore 
obvious that the observed metabolic effects of tourniquet 
operations could be further reduced by the use of addi- 
tional hypothermia beyond the decrease in temperature 
obtained due to the circulatory arrest only. 

The metabolic changes in the control leg were minor 
during the same time period. The difference between the 
changes in the control leg as compared to those reported 
for patients subjected to routine operations indicates that 
the circulatory contact with the surgical area has some 
importance.? During general anesthesia without superim- 
posed surgical stress it has previously been shown that no 
evidence of stress reactions in the organism seems to 
occur as judged from catecholamine and growth hormone 
levels or changes in glucose or fat metabolism.? In the 
case of superimposed surgery blood analysis reveals a 
marked hyperglycemic response which is largest during 
intra-abdominal surgery.? Such effects have been consi- 
dered evoked by painful stimuli and possibly mediated 
via release of cortisol. As the routine operations have 
been shown to produce a semewhat more pronounced 
metabolic effect in skeletal muscle than that observed in 
the control leg during tourniquet ischemia’ the release of 
cellular products from the operation area could partly be 
of importance for such an effect. In connection with 
trauma or shock the release of intracellular products, 
such as proteolytic enzymes which have vasoactive ef- 
fects, has often been considered of importance for induc- 
ing irreversibility reactions.??" During tourniquet is- 
chemia it is obvious that there is a local accumulation of 
metabolites which will change the ‘‘milieu interieur” for 
the cells and could affect cellular membrane functions 
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and cause liberation of intracellular substances. The re- 
duction in temperature will further affect membrane 
characteristics such as the efficiency of the sodium 
pump.: The well known fact that the release of a 
"constrictor'' applied to an extremity for a time period 
long enough will induce profound hypotension and 
death,?7935 further indicates that such factors are of 
importance in connection with complete local ischemia. 
The studied duration of up to 1.5 hours of complete 
tourniquet ischemia, however, does not seem to induce 
any, at least significant, such general effects due to 
metabolite absorption or liberation of intracellular sub- 
stances as the release of the tourniquet does not nega- 
tively affect the metabolism in the control leg. 

The present results also show that after the release of 
the tourniquet a rapid resynthesis of high energy phos- 
phate and clearance of tissue metabolites occurs, The 
rapidity with which this normalization occurs is probably 
enhanced by the postischemic reactive hyperemia which 
is induced by local factors in the previously ischemic leg. 
The exact nature of such factors evoking a reactive 
hyperemia is still obscure, although factors such as re- 
duction of PO», or pH, accumulation of COQ» or lactate. 
ATP, potassium, bradykinin or inorganic phosphate have 
been discussed as possible mediators. When there is a 
need for prolonged tourniquet ischemia a release period 
of the tourniquet for about 10 min after 1.5 hrs of is- 
chemia has been recommended.* The present results in- 
dicate that such a "breathing spell is quite sufficient for 
a relative normalization of the skeletal muscle 
metabolism and clearance of tissue metabolites. 

On the basis of the present investigation it may be 
concluded that the metabolic changes caused by tour- 


 niquet ischemia of up to 1.5 hrs duration are readily 


reversible. Animal experiments’ as well as human 
studies? have indicated an occurrence of degenerative- 
necrotic changes in muscle fibers following tourniquet 
ischemia. Since our present human data do not show anv 
remaining disturbances of the phosphagens of glycolytic 
metabolites, the extent of such acute degenerative- 
necrotic changes must be too small to affect the studied 
metabolic parameters. Although ischemia experimentally 
has been reported to cause only minor changes in the 
microcirculation of nervetrunks even after 6 - 8 hours and 
result in good junctional recovering of nerve and muscle 
tissue? there seems to be delayed effects appearing days 
after the temporary ischemia. Histochemical changes in 
skeletal muscle fibers and motor nerve terminal changes 
are becoming demonstrable as long as up to 10 - 15 days 
later.’ The postischemic period includes a period of tissue 
edema with additional possibilities for interference with 
the microcirculation and nerve function. Therefore, the 
present acute metabolic data on skeletal muscle can not 
be used as a direct evidence for a wide "margin of safe- 
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ty’’ since possible delayed postischemic reactions were 
not determined. There is consequently a need for addi- 
tional clinical studies of tissue metabolism parameters 
during a more prolonged postischemic time period. 
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DARVOCET-N* 100 


propoxyphene napsylate with acetaminophen 


Indication: For the relief of mild to moderate pain, either alone or accompanied by 
fever. 


Contraindications: Hypersensitivity to propoxyphene or to acetaminophen.. . 


Warnings: Drug Dependence--Propoxyphene can produce drug dependence, 
characterized by psychic dependence and, less frequently, physical dependence 
and tolerance. Propoxyphene will only partially suppress the withdrawal syndrome in 
individuals physically dependent on morphine or other narcotics. The abuse liability 
of propoxyphene is qualitatively similar to that of codeine although quantitatively 
less, and propoxyphene should be prescribed with the same degree of caution 
appropriate to the use of codeine. 

Usage in Ambulatory Patients—Propoxyphene may impair the mental and/or 
physical abilities required for the performance of potentially hazardous tasks, such 
as driving a car or operating machinery. The patient should be cautioned accord- 
ingly. 

Usage in Pregnancy—Safe use in pregnancy has not been established relative to 
possible adverse effects on fetal development. Therefore, propoxyphene should not 
be used in pregnant women unless, in the judgment of the physician, the potential 
benefits outweigh the possible hazards. 

Usage in Children—Propoxyphene is not recommended for use in children, be- 
cause documented clinical experience has been insufficient to establish safety and a 
Suitable dosage regimen in the pediatric age group. 


Precautions: Confusion, anxiety, and tremors have been reported in a few patients 
receiving propoxyphene concomitantly with orphenadrine. The central-nervous- 
system depressant effect of propoxyphene may be additive with that of other C. N. S. 
depressants. 


Adverse Reactions: The most frequent adverse reactions are dizziness, sedation, 
nausea. and vomiting. These effects seem to be more prominent in ambulatory than 
innonambulatory patients, and some of these adverse reactions may be alleviated if 
the patient lies down. 

Other adverse reactions include constipation, abdominal pain, skin rashes. 
lightheadedness, headache, weakness, euphoria, dysphoria, and minor visual dis- 
turbances. 

The chronic ingestion of propoxyphene in doses exceeding 800 mg. per day has 
caused toxic psychoses and convulsions. [211375] 


DARVON* COMPOUND-65 


propoxyphene hydrochloride, aspirin, phenacetin, and caffeine 


Indication: For the relief of mild to moderate pain. 


Contraindication: Hypersensitivity to propoxyphene, aspirin, phenacetin, or cat- 
feine. 


Warnings: Drug Dependence—Propoxyphene can produce drug dependence 
characterized by psychic dependence and, less frequently, physical dependence 
and tolerance. Propoxyphene will only partially suppress the withdrawal syndrome in 
individuals physically dependent on morphine or other narcotics. The abuse liability 
of propoxyphene is qualitatively similar to that of codeine although quantitatively 
less, and propoxyphene should be prescribed with the same degree of caution 
appropriate to the use of codeine. 

Usage in Ambulatory Patients~Propoxyphene may impair the mental and/or 
physical abilities required for the performance of potentially hazardous tasks, such 
as driving a car or operating machinery. The patient should be cautioned accord- 
ingly. 

Usage in Pregnancy--Safe use in pregnancy has not been established relative to 
possible adverse effects on fetal development. Therefore, propoxyphene should not 
be used in pregnant women unless, in the judgment of the physician, the potentia! 
benefits outweigh the possible hazards. 

Usage in Children—Propoxyphene is not recommended for use in children be- 
cause documented clinical experience has been insufficient to establish safety and a 
suitable dosage regimen in the pediatric age group. 

Salicylates should be used with extreme caution in the presence of peptic ulcer or 
coagulation abnormalities. 


Precautions: Confusion, anxiety, and tremors have been reported in a few patients 
receiving propoxyphene concomitantly with orphenadrine. 

The central-nervous-system depressant effect of propoxyphene may be additive 
with that of other C.N.S. depressants. 

Phenacetin has been reported to damage the kidneys when taken in large 
amounts for a long time. 

Salicylates may enhance the effect of anticoagulants and inhibit the uricosuric 
effect of uricosuric agents. 


Adverse Reactions: The most frequent adverse reactions are dizziness, sedation. 
nausea, and vomiting. These effects seem to be more prominent in ambulatory than 
in nonambulatory patients, and some of these adverse reactions may be alleviated if 
the patient lies down. 

Other adverse reactions include constipation, abdominal pain, skin rashes, 
lightheadedness, headache. weakness, euphoria, dysphoria, and minor visual dis- 
turbances 

The chronic ingestion of propoxyphene in doses exceeding 800 mg. per day has 
caused toxic psychoses and convulsions. [011375] 


Additional information available 


SE to the profession on request. 


Eli Lilly and Company, inc. 
indianapolis, Indiana 46206 
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Relief from her 






postsurgical pain 


Darvocet-N 100 


) mg. propoxyphene napsylate and 
ey mg. acetaminophen 


contains no aspirin 


Darvon’ 
Compound- -65 


65 mg. propoxyphene hydrochloride, 227 mg. aspirin 
162 mg. phenacetin, and 32. l mg. caffeine 


contains aspirin 





tormidio  - 
moderate pain 


see Summary OF pres cribing Information on adjoining page 
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_ when serious infections: 
complicate recovery 


“due to susceptible organisms 








'ANCEF' Is 90% Effective in Serious Bone and Joint Infections 


In clinical studies of 30 patients with such infections as septic arthritis and osteomyelitis 

due to susceptible strains of Staphylococcus aureus, 'Ancef produced good or excellent 
responses in 9076 of the cases. 

'ANCEF' Penetrates Bone and Synovial Fluid 
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Tissue/Fluid Tissue/Fluid Level Serum Level 
(mcg/ml) (mcg/ml) 
MEN | (Sampling time) (Sampling time) 
Osteomyelitic 49.4 |J. 802 
iin Bone l |... (1 hour) | me hour) 

i Osteomyelitic 35.6 26.0 
Bone E (5 hours) | (5 hours) E 
Osteomyelitic 10.2 4.8 
Bone mE | (8 hours) (8 hours) 
oynovial Fluid 50 (1 hour) 85 (1 hour) 

65 (1-1/2 hrs) 7/8 (1-1/2 hrs) 
59 (2 hours) 53 (2 hours) 
45 (3 hours) 43 (3 hours) 
3/ (5 hours) 32 (5 hours) 


(Data from individual patients. All patients received 1 gram IM.) 





'ANCEF' Offers the Convenience of Both IV and IM Administration 


Adverse Reactions 

Adverse reactions reported with Ancef include pain on injection, rash, G.I. symptoms. 
pruritus and phlebitis. Transient rise in SGOT, SGPT, BUN and alkaline phosphatase levels 
has been observed without clinical evidence of renal or hepatic impairment. 

For a complete list of adverse reactions with Ancef therapy, please see next page. 


Warning 
In penicillin-allergic patients, cephalosporins should be used with great caution because 
of evidence of partial cross-allergenicity of the penicillins and the cephalosporins. 


Please see the next page for a brief summary of the prescribing information. 
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‘CEFAZOLIN SODIUM 


Injection: 250 mg, 500 mg and 1 gram vials 








. meets the challenge, IV or IM 


ANCEF brand of 


EFAZOLIN SODIUM 








Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief Summary. 


DESCRIPTION 

Ancef® (sterile cefazolin sodium, SK&F) is asemi-synthetic 
cephalosporin for parenteral administration. It is the sodium salt 
of 3- ([(5-methyl-1, 3, 4-thiadiazol-2-yl) thio] methylj-8-oxo-7- 
[2-(1H-tetrazol-1-yl) acetamido] -5-thia-1-azabicyclo [4.2.0] oct- 
2-ene-2-carboxylic acid. The sodium content is 46 mg. per gram 
of cefazolin. 


ACTIONS 

Microbiology: /n vitro tests demonstrate that the bactericidal 
action of cephalosporins results from inhibition of cell wall 
synthesis. Ancef is active against the following organisms /n vitro: 


Staphylococcus aureus (penicillin-sensitive and penicillin- 
resistant) 


Group A beta-hemolytic streptococci and other strains of strep- 
tococci (many strains of enterococci are resistant) 


Streptococcus pneumoniae (formerly Klebsiella species 

D. pneumoniae) Enterobacter aerogenes 
Escherichia coli Hemophilus influenzae 
Proteus mirabilis 


Most strains of Enterobacter cloacae and indole positive Proteus 
(P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin- 
resistant staphylococci, serratia, pseudomonas, mima, herellea 
species are almost uniformly resistant to cefazolin. 


INDICATIONS 

Ancef (sterile cefazolin sodium, SK&F) is indicated in the treat- 
ment of the following serious infections due to susceptible 
organisms: 


Respiratory tract infections due to Streptococcus pneumoniae 
(formerly D. pneumoniae), Klebsiella species, Hemophilus 
influenzae, Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci. 


Injectable benzathine penicillin is considered to be the drug of 
choice in treatment and prevention of streptococcal infections, 
including the prophylaxis of rheumatic fever. Ancef is effective 
in the eradication of streptococci from the nasopharynx; however, 
data establishing the efficacy of Ancef in the subsequent preven- 
tion of rheumatic fever are not available at present. 


Genitourinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter 
and enterococci. 


Skin and soft-tissue infections due to Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci. 


Bone and joint infections due to Staphylococcus aureus. 


Septicemia due to Streptococcus pneumoniae (formerly D. 
pneumoniae), Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), Proteus mirabilis, Escherichia coli, and 
Klebsiella species. 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive 
and penicillin-resistant), and group A beta-hemolytic streptococci. 


Appropriate culture and susceptibility studies should be per- 
formed to determine susceptibility of the causative organism to 
‘Ancet: 


CONTRAINDICATIONS 
'Ancef is contraindicated in patients with known allergy to the 
cephalosporin group of antibiotics. 


WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION. THERE IS 
CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALO- 
SPORINS, AND THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUG CLASSES (INCLUD- 
ING FATAL ANAPHYLAXIS AFTER PARENTERAL USE). 


Any patient who has demonstrated some form of allergy, par- 
ticularly to drugs, should receive antibiotics, including Ancef 
(sterile cefazolin sodium, SK&F) cautiously and then only when 
absolutely necessary. Serious anaphylactoid reactions require 
immediate emergency treatment with epinephrine. Oxygen, 


meets the challenge,lV or IM 


intravenous steroids, and airway management, including intuba- 
tion, should also be administered as indicated. 


Usage in Pregnancy: Safety of this product for use during preg- 
nancy has not been established. 


Usage in Infants: Safety for use in prematures and infants under 
1 month of age has not been established. 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth 
of nonsusceptible organisms. Careful clinical observation of the 
patient is essential. 


When Ancef is administered to patients with low urinary output 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose in 
the urine of patients on Ancef' has occurred wiffh Clinitest® tablets 
solution. 


ADVERSE REACTIONS 
The following reactions have been reported: 


Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred. 


Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred. 


Hepatic and Renal: Transient rise in SGOT, SGPT, BUN and 
alkaline phosphatase levels has been observed. 


Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral 
candidiasis (oral thrush) have been reported. 


Other: Pain at site of injection after intramuscular administration 
has occurred, some with induration. Phlebitis at site of injection 
has been noted. 


DOSAGE AND ADMINISTRATION 
'Ancef may be adininistered intramuscularly or intravenously 
after reconstitution. 


Dosage 

In adults, usual dosage for pneumococcal pneumonia is 500 mg. 
every 12 hours. In acute, uncompicatoa 'MFinary tract infections, 
usual dosage is 1 gram every 12 hours. !n iniid infections caused 
by susceptible gram+ cocci, usual dosage is 250 to 500 mg. 
every 8 hours. In moderate to severe infections, usual dosage is 
500 mg. to 1 gram every 6 to 8 hours. Ancef has been adminis- 
tered in dosages of 6 grams per day in serious infections such as 
endocarditis. 


'Ancef may be used in patients with reduced renal function with 
the following dosage adjustments: Patients with a creatinine 
clearance of 55 ml./min. or greater or a serum creatinine of 

1.5 mg. % or less can be given full doses. Patients with creatinine 
clearance rates of 35 to 54 ml./min. or serum creatinine of 1.6 

to 3.0 mg. % can also be given full doses, but dosage should be 
restricted to at least 8-hour intervals. Patients with creatinine 
clearance rates of 11 to 34 ml./min. or serum creatinine of 3.1 to 
4.5 mg. % should be given 1/2 the usual dose every 12 hours. 
Patients with creatinine clearance rates of 10 ml./min. or less or 
serum creatinine of 4.6 mg. % or greater should be given 1/2 the 
usual dose every 18 to 24 hours. All reduced dosage recom- 
mendations apply after an initial loading dose appropriate to the 
severity of the infection. 


In childran, a total daily dosage of 25 to 50 mg. per kg. (approx- 
imately 10 to 20 mg. per pound) of body weight, divided into 
three or four equal doses, is effective for most mild to moderately 
severe infections. Total daily dosage may be increased to 100 mg. 
per kg. (45 mg. per pound) of body weight for severe infections. 
Since safety for use in premature infants and in infants under 

one month has not been established, the use of Ancef in these 
patients is not recommended. 


For additional information on dosage and administration, see 
package literature or contact your SK&F Representative. 


HOW SUPPLIED 
Ancef® (sterile cefazolin sodium, SK&F)— supplied in vials 
equivalent to 250 mg., 500 mg., and 1 gram of cefazolin. 


Smith Kline & French Laboratories 
Division of SmithKline Corporation, Philadelphia, PA 19101 
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Speed is in your hands with 
ATRALEASE ’ control release needled sutures. 


Super-Smooth ribbed needle. 


Easy to release with no change in technic 
for fast interrupted suturing. 


*Trademark 


AUTO SUTURE’ SKIN STAPLER... 


AUTO SUTURE STAPLER MODEL SFM: The staple legs approximate sub- 
cutaneous tissue while the top span of the stainless steel staple floats above 
the skin reducing the possibility of cross-mark scarring or tissue reaction. 


Your local Auto Suture dealer will be glad to demonstrate the stapler for 
you. Authorized Auto Suture dealers are fully qualified to scrub in surgery | +S 
and provide technical assistance in the operating room for new users | A E 
of Auto Suture staplers. : 


UNITED STATES SURGICAL. CORPORATION - 


919 Third Avenue, New York City, N.Y. 10022 cu .212- 782- 8430 - 
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RENTAL PROGRAM NOW AVAILABLE . ACTUAL SIZE OF STAPLE 


LJ 


. FOR AUTO SUTURE’ SKIN STAPLERS an died 


UNITED STATES SURGICAL CORPORATION 
919 Third Avenue, New York, N.Y. 10022. 


Please send information on the skin a Serer rental program. 
Name 
Title__ 
Hospital 
Address____ 
City 
: Ane Code_ 











when pain goes on... 
and On. HN | 


and on- 





e analgesic formula that calms instead of caffeinates 


or the patient with a terminal illness, PAIN past, present, and future can dominate iced tee 
is thoughts until it becomes almost an obsession. The more he is aware of the pain 


e is now experiencing, the more difficult it is to erase his memory of yesterday's 
ain, and to allay his fearful anticipation of tomorrow's pain. 





urely the last thing this patient needs is an analgesic containing caffeine to stimulate 
»e senses and heighten pain awareness. A far more logical choice is Phenaphen 

ith Codeine. The sensible formula provides % grain of phenobarbital to take 

1e nervous ‘‘edge”’ off, so the rest of the formula can help control the pain more 
ffectively. Don't you agree, Doctor, that psychic distress is an important factor 

| most of your terminal and long-term convalescent patients? 


Phenaphen with Codeine No. 2, 3, or 4 contains: Phenobarbital 
(‘4 gr.), 16.2 mg. (warning: may be habit forming); Aspirin 

(2% gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine 
phosphate, % gr. (No. 2), % gr. (No. 3) or 1 gr. (No. 4) (warning: 
may be habit forming). 


Indications: Provides relief in severe grades of pain, on low 
codeine dosage, with minimal possibility of side effects. Its use 
frequently makes unnecessary the use of addicting narcotics. 
Contraindications: Hypersensitivity to any of the components. 
Precautions: As with all phenacetin-containing products, 
excessive or prolonged use should be avoided. Side effects: 

| Side effects are uncommon, although nausea, constipation and 
may occur. Dosage: Speyer er No. 2 and No. 3— 


ine is now classified in Schedule III, 
Substar Act of 1970. Available on written 
or oral Ee aeta and may. be refilled 5 times within 6 
months, Be. uim Sway ca law. 








“Current abstracts are amplified and illuminated by comments of the mem- 
bers of the Editorial Board, based on their own clinical experiences as well as 
those of other recognized authorities" . . . just one of the reasons why 
Lippincott's 


REVIEW OF 


SURGERY 


helps Resident (special rate only $11.00) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 
surgery and the surgical specialties. 





A true saver of precious reading time—from its detailed Contents Pages to 
its meaty reviews, and abstracts especially classified for reader convenience— 
a typical issue includes: 1 


e Focus—several Reviews of timely or other 
special significance 
e An original Report of major importance 


e Twenty or more Abstracts with Commentary 
(and oft-times, rebuttal) 


e Residents Corner—comprising Brief (1 to 3-page) 
Reports and Investigations 


e in-depth Reviews of Current Books in Surgery 


TO PUT THE BIMONTHLY REVIEW OF SURGERY AT YOUR FINGERTIPS NOW, 


SUBSCRIBE TODAY ... 





AS 7/75 


Please enter my subscription to REVIEW OF SURGERY for 1 year (6 issues), at 
O $15 (U.S. and Canada); O $17 (all other countries); Resident Rate O $11 (U.S. only; 
also note “year” of residency and Specialty. — = = SSS 


PLEASE PRINT [] Payment Enclosed. 


Name O Charge my account. 





Address My Specialty is: 





City/State/Zip 

















Wound Infection During the Yom Kippur War: 


Observations Concerning Antibiotic Prophylaxis and Therapy 


RICHARD S. KLEIN, M.D., STEPHEN A. BERGER, M.D., PEREZ YEKUTIEL, M.D., M.P.H. 


Eighty-eight episodes of wound associated infection were iden- 
tified among 624 consecutively admitted battlefield casualties. 
Ninety-one per cent of infections occurred during the administra- 
tion of antibiotic therapy or prophylaxis and 65% were associated 
with the use of multiple antibacterial agents. Gram negative bacil- 
lary and mixed microbial infection predominated and were found 
to increase in relative incidence after the second day of hospitali- 
zation. Appropriate therapy, based on disc sensitivity testing, was 
administered in only 33% of infectious episodes. The practice of 
antibiotic wound prophylaxis may contribute to the incidence and 
nature of infection in battlefield wounds. Problems unique to the 
handling of battlefield wounded are discussed in comparing the 
present data with those of other war associated and civilian 


studies. 
Dp- ADVANCES in antimicrobial therapy and im- 
mune prophylaxis, wound infection continues to play 

a major role in the morbidity and mortality of war. Cer- 
tain patterns of infection are now apparent. During the 
Viet Nam conflict, ‘‘massive’’ infection in American 
wounded was most common among those with injuries to 
multiple organ systems.!! Sepsis was the major cause of 
death in "rear" hospitals and was particularly evident in 
the setting of major burns or wounds to the abdomen or 
central nervous system." The nature of modern weapon- 
ry, and particularly the advent of the high velocity mis- 
sile, has also affected the nature of wound infec- 
tion.!??7:31.50 

Various antibiotic regimens have been suggested as 
prophylaxis or therapy for ‘‘contaminated’’ 
wounds.*!91:255? However, there appears to be no sub- 
stitute for proper surgical debridement and drain- 
ape v a a eet SEIS 

The present study was undertaken to determine the 
incidence and nature of wound infection associated with 


c —À————— a i 
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Medical College and the Chaim Sheba Medical Center. 
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Kupat Holim, Tel Aviv, Israel 
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the administration of “prophylactic” 
agents. 


antimicrobial 


Patients and Methods 

Hospital records were reviewed for all patients ad- 
mitted to three non-affiliated hospitals (herein designated 
as hospitals A, B and C) during October, 1973. All 
casualties were suffered on the same battlefront. Only 
patients with open wounds, the skin broken and resulting 
from armed conflict, were admitted to the study. Patients 
with penetrating chest or central nervous system wounds 
or with major burns were not included. 

Infection was defined as the concurrence of two from 
the following three criteria: purulent would discharge, 
oral temperature at least 38C. and positive culture from 
wound or from blood without other apparent source 
of infection. Nosocomial infection was defined as infec- 
tion which was first apparent after the second hospital 
day. 

Organisms were identified by routine hospital labo- 
ratories and classified in most instances according to the 
schema of Bergey's Manual of Determinative Bacteri- 
ology.’ Disc sensitivity testing was applied by methods 
which varied according to hospital. 


Results 


The study population is summarized in Table |, Pa- 
tients ranged in age from 18 to 47 with a mean of 20.7 
years. Eighty-eight episodes of infection occurred among 
58 and 624 wounded patients, giving an incidence of 12.3 
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TABLE 1. Study Population 
a a NN NN NN Nw oS 


Wounded Patients 


Infected 

Only on 

Admitted Infected Admission 

ERE RES oe MED ae l TE Oe Ne Ny ee et a PE me ere Sr eee eee eee 

Hospital A 255 I8 (7.1)* 7 
Hospital B 200 21 (10.5) 11° 
Hospital C 169 19 (11.3) e 
Total 624 58 (9.3) 24 





Wounded Infected g 

Infected Patients Both on 
After 2nd Admission and Again Total . 
Hospital After 2nd Patient Total 

Day Hospital Day Infections Nosocomial 

» 6: 27 (10.6) 14 (5.5) 

5 y 30 (15.0) 13 (6.5) 

Fi Gg 31 (18.3) 18 (10.8) 

17 17 88 (12.5) 45 (7.2 


E a tte ttt A A A A 


* number in parentheses represents number per 100 admissions 


a one patient in group found to have two anatomically and bacteriologically distinct infections. 


^ two patients found to have two distinct infections each. 
^ one patient found to have three distinct infections. 


infections per 100 patients admissions (range 10.6 to 18.3 
infections per 100 patient admissions among the study 
hospitals). Seventy-nine per cent of infected wounds 
were located below the level of the diaphragm and 4346 of 
the infected patients had sustained at least one compound 
fracture. Two patients had undergone emergency 
laparotomy for penetrating wounds. There was no clus- 
tering of infections by date, hospital ward or surgeon. 

Infecting organisms are listed in Table 2. The most 
common organism was Pseudomonas aeroginosa, which 
accounted for 25.6% of clinical isolates. The percentage 
of gram negative bacilli was 70.296 of all isolates, 72.5% 
of isolates in nosocomial infection and 77.596 of isolates 
from mixed infection. There were 6 cases of bacteremic 
sepsis: 3 with Staphylococcus albus; one each with Bacil- 
lus species and Enterobacter hafniae; and one with Es- 
cherichia coli, Staphylococcus albus and Bacillus species 
in mixed culture. Nosocomial infection was more likely 
to be associated (Table 3) with polymicrobial flora than 
was infection present at admission. Of the gram positive 
bacteria, 48.8% were isolated in pure culture as com- 
pared with only 24.4% of gram negative bacilli. Further- 
more, whereas 56.9% of gram positive isolates were as- 
sociated with nosocomial infection, 66.796 of gram nega- 
tive organisms were so associated. 

There was some variability among the three study hospi- 
tals with respect to infecting organisms, and isolates of 
Monilia, Providence SP., E. hafniae, Candida Krusei, 
*citrobacter" and Bacteriodes were each limited to a 
single hospital. 

As a matter of formal directive, all wounded personnel 
had received varying amounts of penicillin on the 
battlefield and/or at field hospitals prior to admission to 
the study hospitals. Exact dosage and preparation was 
not known at the time of this study. In total, there were 
142 isolates identified from infected patients. Of these, 
131 isolates were recovered from patients who were re- 
ceiving antimicrobial agents both prior to and during the 
apparent onset of infection. The remaining 11 patients 
had only received penicillin on the battlefield. Fifty-one 


of 58 instances of first infection occurred under ‘‘antibi- 
otic prophylaxis" which had been continued through ad- 
mission and early hospitalization (Table 4). in fact, 80 of 
88 infections (91%) in this study occurred while patients 
were receiving antibiotics and 57 of these 88 (6596) pa- 
tients were receiving multiple agents (Table 5). 

Pseudomonas infection was most frequently noted in 
the presence of Ampicillin, a penicillinase resistant 
penicillin, or both (respectively, 5196, 47% and 47% of 
initial Pseudomonas isolates); with these agents often 
part of other regimens. In fact, the most frequently used 
regimen for prophylaxis (2996 of eventually infected pa- 
tients) had been the combination of Ampicillin and a 
penicillinase resistant penicillin. 

It is of note that infection frequently occurred despite 
"appropriate prophylaxis’? for the involved organism. 
For example, 11 of 17 (65%) isolates of Staphylococcus 
aureus were recovered from infected wounds of patients 
receiving prophylactic penicillinase resistant penicillins 
and/or cephalosporins. Antibiograms of admission and 
nosocomial isolates were comparable. 

Therapy given for infection was appropriate, based 
upon culture and disc sensitivity, for only 29 of 88 infec- 
tions (33%) and could not be evaluated in an additional 24 
infections (27%) because of "sterile," unobtained or in- 
complete culture and sensitivity data. 


Discussion 


Throughout the war of October, 1973, battlefield per- 
sonnel were instructed to administer antibiotic 
"therapy" or "prophylaxis" to all wounded. Wounds 
were initially debrided and left open to be closed at a 
future date. This policy of delayed primary closure was 
introduced into military medicine in World War II.??* and 
it was used extensively in Viet Nam.? When possible, 
shrapnel and foreign bodies were removed on admission. 
As in Viet Nam, most wounds involved the extremities? 
The location of most wounds below the diaphragm in the 
present series, no doubt favored infection by flora local 
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TABLE 3. 





Culture Not Taken 


Mixed Single or 





Infection Organism Culture Negative 

Hospital A 

Infected on Admission 3 5 5 
Nosocomial Infection 11 3 — 
Hospital B 

Infected on Admission ] 11 5 
Nosocomial Infection 7 7 — 
Hospital C 

Infected on Admission 6 7 mE 
Nosocomial Infection 10 8 — 
Total 

Infected on Admission 10 23 10 
Nosocomial Infection 2 18 ie 





to that area, i.e., a higher incidence of gram negative 
bacilli. 

The incidence of nosocomial infection (7.2 per 100 
patient admissions) was somewhat higher than that re- 
ported from civilian studies of surgical and/or medical 
services, 68284046 In Viet Nam, the combined incidence 
of battlefield and hospital acquired infections was only 
4-5 per 100 patients in a study which included more 
seriously wounded than the present study.°? The number 
of bacteremias are also in keeping with most civilian 
studies which show a 1% incidence of gram negative rod 
bacteremia in hospitalized patients 792997 

The definition of hospital acquired wound infection is 
difficult, particularly in dealing with retrospective data, 
as in the present study. The fact that mixed infection and 
gram negative infection tended to increase after the sec- 
ond hospital day may reflect differences in the handling 
of laboratory specimens from the emergency ward, 
operating theatre and surgical ward. The incidence of 
infection may also be related to inclusion of such or- 


TaBLE 4. Number of Antibiotics Being Administered 
Prior to Initial Infection 








None One Two Three Four 

Hospital 

(number of 

patients) 4 6 5 2 | 
Hospital B 

(number of 

patients) — 3 18 — — 
Hospital C 

(number of 

patients) 3 7 6 3 ER 
Total 7 16 29 5 l 
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ganisms as Staphylococcus albus Bacillus (consid- 
ered ‘‘non-pathogenic’’ by some reporting laboratories 
or authors) or the ability to identify anaerobic organisms: 
A more sophisticated surveillance system will lend itself 
to a higher reported "incidence" of infection. Hospital C, 
the only study hospital with an infection control team, 
had the highest number of observed infections. 

A crucial factor affecting the incidence of infection is 
that of time elapsed before hospitalization. The time 
period from wound to initial antibiotic administration in 
the field averaged one to two hours in the present con- 
flict, with admission for definitive hospital care within 10 
to 20 hours.* Average elapsed time to hospital was 10.5 
hours for American troops in World War II, 6.3 hours 
(seriously wounded) during the Korean conflict and 2.6 
hours in Viet Nam.??"*? During an advance, this period 
might be expected to lengthen with distance to the front 
lines or saturation of transport facilities. Changing terrain 
(i.e., desert to swamp in the current conflict), soilage of 
clothing and equipment '' with time’’ and establishment of 
an infected population might also affect the incidence and 
nature of wound infection during the latter portion of the 
war period. Since the incidence of infection increases 
with the length of hospital stay (and the number of inva- 
sive procedures performed), one would expect a higher 
incidence of infection toward the later part of this war. 
Despite these factors, there was no appreciable change in 
the incidence and nature of infection with time, at the 
study hospitals. 

The trend towards gram negative rod infection over the 
past few years is being reported more and more fre- 
quently.???? Large doses of antibiotics, particularly mul- 
tiple drugs with broad spectra, eliminate the susceptible 
normal flora and allow the multiplication of the remaining 
resistant organisms. These organisms, ordinarily non- 
pathogenic (i.e., they normally inhabit the human G.I. 
tracts) then become invasive and pathogenic. Such 
changes in flora have not been accompanied by any ap- 
preciable dec~ease in actual incidence of infection, bac- 
teremia or mortality in surgical patients. Rather, only the 
types of infecting bacteria have changed, as is illustrated 
by the appearance of Enterobacter hafniae in the present 
report. This organism had heretofore been reported only 
in association with urinary sepsis and in one case of 
bacteremia, unassociated with a wound.!9'!* 

The evidence implicating antibiotic therapy as a sig- 
nificant cause of gram negative rod infection is suf- 
ficient?29.2433.364749 to advise against injudicious use of 
these agents. Unfortunately, the nature of wounds re- 
ceived during combat is characterized by extensive tissue 
damage!*?^3159 and the wounds are most often contami- 
nated by environmental bacteria.** This leads towards the 


*The delay being due to field hospital treatment time and not to 
transportation time. The latter was extremely rapid and efficient. 
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temptation to ‘‘sterilize’’ the wound with massive doses 
of antibiotics and favors a false security with less reliance 
on good surgical technique. 

The antibiotic era has seen a marked decline in gas 
gangrene and beta hemolytic streptococcal wound infec- 
tion; the former accounting for 0.7 and 0.08% of infec- 
tions during World War II and the Korean conflict re- 
spectively.?3*5?245 A concomitant rise in gram negative 
battle wound infection was soon noted, with a particu- 
larly alarming presence of Pseudomonas infection during 
the Viet Nam war.!^?1:31:35,13 

Of the three groups of clostridia associated with 
traumatic wounds, Clostridium perfringens (Welchii) is 
implicated in 75% of the cases .???*** Clostridia has been 
reported in war wounds as a simple contaminant in 18% 
to 46% of wounds.” With inadequate debridement, 
anaerobic cellulitis will develop in approximately 5% of 
these wounds containing Clostridia.” With appropriate 
conditions, especially ischemic vascular disease,” lapse 
of time between wounding and surgical treatment?? and 
injuries involving large muscular areas such as the but- 
tocks and thigh??? the wound will develop gas gangrene. 
It has been estimated that 1.596 of war wounds contam- 
inated with Clostridia will evolve into gas gangrene.?? 
Although no substitute for adequate debridement, pen- 
icillin has proven value as a prophylactic agent in preven- 
tion of Clostridial infection??? Without debridement, 
antibiotics will not prevent the spread of gas gangrene ?? 

The administration of 600,000 units of procaine penicil- 
lin, intramuscularly, every 6 hours, will maintain a blood 
level in excess of 0.16 units/ml.'* This level is approxi- 
mately 30 times that required for erradication of Strep- 
tococcus pyogenes and several-fold that required for 
Clostridium perfringens.? At the same time, this rela- 
tively low dose of penicillin will not significantly select 
out resistant gram negative rods ??1749 

This study agrees with recent evidence that there is a 
strong tendency to misuse and misinterpret even 
adequate culture and sensitivity data on the part of surgi- 
cal services.’ In the current study, a proper antibiotic 
was administered in only 29 of 88 infection episodes once 
the organism(s) was identified. 


Conclusions 


The practice of delayed primary closure in the study 
hospitals may have decreased morbidity and mortality. 
For extremity wounds one must, therefore, recommend 
adherence to such strict surgical practices with adjunct 
low dose penicillin therapy (against Clostridia and Strep- 
tococcal infections), careful monitoring of the patient for 
signs of sepsis and frequent culturing of the wound. The 
rational approach to wounds other than those of the ex- 
tremities should keep these principals in mind. Until now, 
no 'magic" combination of antibiotics has been pro- 


Ann. Surg. * July 1975 


posed by the United States military or by NATO. Future 
plans for the treatment of war wounds should probably 
include a double blind approach: giving no antibiotics; 
low dose penicillin or similar antibiotic; and massive 
doses of broad spectrum antibiotics, by the same teams 
of surgeons in various hospitals. 

Although the present study is limited by difficulties 
inherent to retrospective analysis and obvious lack of a 
"control population,” it is evident that the nearly univer- 
sal use of ‘‘prophylactic’’ antibiotics is still accompanied 
by an appreciable incidence of wound infection. 
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Spontaneous Gastric Rupture in the Newborn: 


A Clinical Review of Nineteen Cases 


V. L. SHASHIKUMAR, M.D.,* ANGEL BASSUK, M.D.,T 


GEORGE P. PILLING IV, M.D.. SAMUEL L. CRESSON, M.D.§ 


The term ‘‘spontaneous gastric rupture'' is used to describe our 
cases of neonatal gastric perforation. Nineteen such neonates are 
reviewed. Current opinions regarding the possible etiology is 
included in the discussion. Neonatal asphyxia was the most com- 
monly seen predisposing cause in our series (63%). Roentgeno- 
grams of the abdomen are most helpful in making a positive 
diagnosis. Surgical repair is the treatment of choice. All the 
surviving patients in our series underwent surgical repair. The 
need for gastrostomy during surgery should be individualized. 
The mortality was 27% in the cases operated since 1970; a 
significant improvement as compared to a mortality rate of 62% 
for the cases operated before 1970. 


PONTANEOUS GASTRIC RUPTURE is a frequent cause 
of pneumoperitoneum in the neonatal period. 
Castleton and Hatch? in 1958 suggested that the term 
"idiopathic perforation of the stomach’ be used when 
the following criteria are met: 1) newborn; 2) no evidence 
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of ulcer; 3) no evidence of perforation due to nasogastric 
tube, oxygen, trauma to the abdominal wall, etc.; and 4) 
no evidence of distal obstruction. However the operative 
and autopsy findings of extensive laceration of the 
stomach wall in most cases seems to indicate-that "'spon- 
taneous gastric rupture" is a more appropriate term. Von 
Siebold?? is credited with the first report of a spontaneous 
gastric perforation in a newborn. The first surgical sur- 
vivor was reported in 1950 by Leger et al.’ The most 
extensive review of the literature was in 1964 by Inouye 
and Evans, who presented six cases of their own and 
reviewed 137 additional cases of gastric perforation in the 
newborn at that time. Thirty-nine of their cases were 
labeled ‘‘idiopathic’’ and 34 were attributed to ‘“‘muscle 
deficiency” in the wall of the stomach. Our present re- 
port includes 19 cases of spontaneous gastric rupture 
seen at St. Christopher's Hospital for Children, Philadel- 
phia, and the Medical College of Pennsylvania Hospital, 
Philadelphia, from 1963 through 1974. 


Material 


This series of 19 patients include nine males and 10 
females (Table 1). Gestation period varied from 32 to 40 
weeks, with an average of 38 weeks. The birth weight 
ranged from 1418 gm, with an average of 2478 gm. 

A history of respiratory distress in the perinatal period 
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TABLE 1. Nineteen Cases of Spontaneous Gastric Rupture in the Newborn 
: Weight Perinatal Operative 
Case (gm) Sex History Day Findings Outcome Gestation 
| SP 2410 F Apgar 9 35 9 cm rupture Uneventful 37 wks. 
No distress greater curvature recovery 
2 WP 2750 Apgar 9-10 3 6 cm rupture Uneventful 40 wks. 
No distress greater curvature recovery 
3 KS 2410 M No distress 4  ] cm rupture Uneventful 40 wks. 
lesser curvature recovery 
4 KS 3460 F No distress 2 7 cm rupture Uneventful 40 wks. 
seromuscular recovery 
5 GF 3487 M No distress 2 S cm rent Uneventful 40 wks. 
recovery 
6 CP 2296 F Cyanotic spell 3 4 cm rent Uneventful 37 wks. 
after delivery greater curvature recovery 
7 DM* 2126 M Excessive trach. | Large rupture Died without op 37 wks. 
secretions greater curvature moribund at adm. 
8 MS 1418 M Delivered by 3 5 cm rupture Uneventful 36 wks. 
C-section posterior recovery 
9 DO 2318 M  Hyaline memb. 4 4 cm rupture Uneventful 40 wks. 
greater curvature recovery 
i0 OS 3631 M Multiple cong. 5 Rupture Died | day AQ wks. 
anomalies greater curvature postop. 
i1 DG 2000 F Respiratory 3 4 cm rupture Died | day 36 WKS. 
distress greater curvature postop. 
12 BGC 1729 F Omphalocele 1 Small rupture Died hrs. 32 wks. 
postop. 
13 MS* 2126 F  Polyhydrammios, tracheo- 9 Rupture whole Died 48 hrs. 40 wks. 
esophageal fistula repair greater curvature postop. 
at 3 days 
14 HA 3912 F Respiratory 1 .$ cm rupture Died without op. 36 wks. 
distress lesser curvature 
15 AM 1843 F Respiratory 4 Autopsy large Died without op. 32 wks. 
distress rupture greater 
curvature 
16 BBT} 2150 F Myelomeningocele 2 8 cm rupture Recovered 38 wks. 
greater curvatur: 
17 BGJ 2500 M No respiratory 3 7 cm rupture Recovered 40 wks. 
distress greater curvature 
18 BGT 2000 F Respiratory distress 2 10 cm greater Died 40 wks. 
curvature Peritonis 
19 GA§ 2500 M Born with esophageal 6 8 cm rupture along Recovered 40 wks. 
atresia, no respiratory greater curvature 
distress away from the gas- 





trostomy 


*Autopsy showed other congenital anomalies but no distal GI obstruction. 
tPatient had esophageal atresia and tracheoesophageal fistula repaired on 2nd day and did well until 9th. day when he developed ruptured stomach. 
iPatient did well after surgical repair of stomach, and the surgery for myelomeningocele was carried out successfully 3 weeks later. 
§Patient had a gastrostomy done at age 3 days. Spontaneous gastric rupture occurred on 6th day. 


was obtained in 12 cases. The onset of symptoms varied 
from | to 9 days of age with an average of 3.3 days. The 
rupture occurred along the greater curvature near the 
cardia in 16 cases, and along the lesser curvature in two 
cases. In one case (#4), the tear involved only the 
seromuscular layer along the greater curvature and an- 
terior wall of the stomach, and the patient was operated 
upon for an abdominal mass (hematoma of the stomach 
wall). Fifteen patients underwent surgical repair of the 
gastric rupture, and the other four were moribund when 
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they were admitted to our service. Surgical repair con- 
sisted of debridement of the edges of the gastric rupture 
and two-layer closure. Gastrostomy was performed on 
eight patients. All the 11 surviving patients had surgical 
repair, and six of them had a gastrostomy also (#19 had 
gastrostomy for esophageal atresia prior to rupture of 
stomach). Five patients had major associated anomalies 
(esophageal atreasia with and without tracheo- 
esophageal fistula, ruptured omphalocele, Sturge Weber 
syndrome, and myelomeningocele). 








24 





Fic. 1. Upright film of the abdomen showing the ''saddle'' appearance of 
the liver and massive pneumoperitoneum. 


Discussion 


Much of the discussion regarding spontaneous rupture 
of the stomach in the newborn in recent years is centered 
around the possible etiology. Herbut* in 1943 was the first 
to call attention to the "congenital absence” of muscular 
layer of the stomach as a predisposing factor in some 
cases of spontaneous gastric rupture. This theory has 
been supported by other authors,’ who point to the ab- 
sence of the muscular layer at the margin of the rupture in 
support of their theory. However, experimental studies 
by Shaw et al.? seem to refute this theory. In their animal 
experiments using puppies, they have demonstrated that 
excessive retraction of the muscular layer occurs during 
rupture, giving the appearance of "congenital absence" 
of the muscular layer. Kneisl® has demonstrated areas of 
natural spaces between interlacing bundles of muscle 
fibres in newborns who have died of other causes. 
Shaw's'? experiments also showed, that in the anes- 
thetised puppies, sufficient intragastric pressure for 
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rupture to occur could not be achieved with gaseous 
(oxygen) distension unless there was an obstructing le- 
sion at the pylorus. Touloukian et al.^ working with 
newborn piglets have demonstrated increased risk of gas- 
trointestinal necrosis during asphyxia. Their perfusion 
studies show marked reduction in the blood flow of the 
mucosa of the stomach, distal ileum, and colon during 
experimental asphyxia. This phenomenon of selective 
ischemia has been explained by the "diving reflex” 
theory of Scholander. Scholander, by his experimental 
studies on seals, has shown that in the mammals which 
spend long periods under water, redistribution of blood 
flow occurs, with the vital organs (heart and brain) re- 
ceiving more blood at the expense of less vital organs 
(gastrointestinal tract), during the time when the animals 
are submerged. Touloukian" has reviewed six cases of 
neonatal gastric perforation from Yale-New Haven Hos- 
pital and 87 cases from the literature and found significant 
perinatal complications leading to asphyxia in 69% of the 
cases. Respiratory difficulties during the perinatal period 
was encountered in 12 of our 19 patients (63%). Among 
the various theories put forward to explain the occur- 
rence of spontaneous gastric rupture, the one of local 
ischemia seems to have the greatest acceptance. High 
gastric acidity in combination with local ischemia may be 
a significant etiologic factor in spontaneous gastric rup- 
ture. 

The first clinical sign in the majority of cases is abdom- 
inal distension. The distension itself may cause severe 
respiratory difficulty. The diagnosis is confirmed by 
roentgenological examination of the abdomen. Massive 
pneumoperitoneum with the absence of air in the 
stomach is a significant radiologic findings. The "foot- 
ball" sign,'? and the ‘‘saddle’’ sign are non-specific find- 
ings of massive pneumoperitoneum and not pathog- 
nomonic of ruptured stomach (Fig. 1). Occasionally sub- 
cutaneous emphysema may be the presenting sign, and 
the radiologic examination of the abdomen will reveal the 
associated pneumoperitoneum requiring exploratory 
laparotomy. 

The treatment of spontaneous gastric rupture is surgi- 
cal repair. The acute respiratory distress due to massive 
pneumoperitoneum should be relieved temporarily by 
needle aspiration of the air from the peritoneal cavity. 
Debridement of the edges with two-layer closure of the 
defect is adequate treatment. The debridement should be 
carried far enough to get healthy tissue to put the sutures. 
Some cases with extensive necrosis of the stomach wall 
may require parital gastrectomy. Graivier et al? have 
recorded a survival after a 9596 gastrectomy for spon- 
taneous gastric rupture. Gastrostomy is not needed in all 
cases, and its need should be individualised. A thorough 
examination of the stomach for a second perforation and 
the entire gastrointestinal tract for other unsuspected per- 
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forations or abnormalities should be carried out. Though 
the overall mortality in our series was 45%, since 1970 it 
has dropped to 27% (three of 11). 
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The Removable Buried Retention Suture: 


A New Technique 


DEAN BARTON SMITH, M.D. 


Through-and-through retention sutures are inherently inefficient 
and prone to produce skin and subcutaneous damage. Most sur- 
geons are reluctant to permanently bury non-absorbable reten- 
tion sutures. This new technique uses tube conduits to bring the 
retention sutures from deep fascial level to above the skin-sur- 
face, where they are available for removal. Thus, the sutures do 
not cross the skin and subcutaneous tissue, and they exert maxi- 
mal efficiency at the deep fascial layers. This method has been 
used in over 60 cases without deep-wound separation, and com- 
plications have been minimal. 


ETENTION SUTURES are used commonly in abdominal 
surgery to protect the main wound closure by exert- 
ing tension on the fascial and muscular layers several 
centimeters lateral to the main suture lines. They are 
indicated, especially, in the very obese, those with 
chronic pulmonary disease, malignancies, debility, and in 
those patients in whom postoperative abdominal disten- 
tion can be anticipated because of the nature of the 
pathology. However, some surgeons use them almost 
routinely since their use can allow a somewhat simpler 
main wound closure, such as the use of continuous su- 
tures. | 
The technique of placing retention sutures varies from 
surgeon to surgeon. Commonly, they are placed 
through-and-through, traversing the peritoneal cavity 
from side to side (Fig. 1), and thus having the potential of 
trapping bowel between suture and peritoneum. 
Because retention sutures are made of quite heavy 
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non-absorbable material, there is a reluctance to perma- 
nently bury them under considerable tension because of 
permanent patient discomfort and potential problems if 
infection occurs. Therefore, the sutures are brought out 
through the subcutaneous panniculus and skin, and tied 
externally across the incision, where they are available 
for removal. 

Various methods have been devised in an attempt to 
protect the skin and subcutaneous tissue from damage, 
the most common being passing the sutures through rub- 
ber bolsters (Fig. 1). More recently various bridge de- 
vices have been used. These techniques attempt to dissi- 
pate the pressure consequent on adequate tension on the 
suture over a wide area, thereby minimizing damage. 

Unfortunately, the laws of force demand that the force 
applied to the skin be equal to that applied to the fascia, 
and the skin and subcutaneous tissue add little strength to 
the abdominal wall. Furthermore, by applying vectors, it 
is obvious that in all through-and-through techniques the 
direction of pull at the fascial level is 45° away from the 
desired horizontal plane (Fig. 1). It is clear that through- 
and-through retention sutures are inherently inefficient 
and have been a mixed blessing. If tied sufficiently tight 
to relieve the main wound closure of much of the 
abdominal-wall tension, skin and subcutaneous damage 
are likely to occur, especially in the obese patient. If not 
tied tightly, such sutures do not provide primary protec- 











Fic. 1. Commonly used technique of placing retention sutures. Note 
potential trapping space between suture and peritoneum. Vector arrows 
illustrate net direction of force at the turning points of the suture in the 
posterior fascia and skin. 


tion of the incision, and if there is partial separation of the 
incision, their bowstringing invites fistulization. 

A new technique has been developed which completely 
avoids these hazards by bringing the retention sutures 
from fascial level to above-skin level through retention- 
suture-wound tubes, their length matched to the depth of 
subcutaneous tissue. Each tube is biflared on its deep end 
so that the suture makes the right-angle turns smoothly, 
and has a support bar on its superficial end over which 
the suture is tied. The tubes are made in | cm graduations 
from 1.5 to 7.5 cm. These measurements do not include 
the superficial ends which extend above the skin’s sur- 
face. Therefore, one measures the depth of the sub- 
cutaneous panniculus and selects tubes in the next longer 
length. 

Prior to the main closure of the incision, the several 
retention sutures are placed at 4-5 cm intervals. #2 
Monofilament Nylon has been the suture of choice. Each 
suture is brought into the incision, and then passed be- 
neath the subcutaneous panniculus through the layers of 
deep fascia and muscle down into the peritoneal cavity. 

A maneuver that guarantees a full-thickness bite of the 
muscle and fasciae, but prevents any entrapment of 
bowel by the suture, is then to turn the needle and pass 
the suture superficial to the peritoneum, or fused 
peritoneum and posterior rectus sheath, to the other side. 
There this maneuver is reversed, i.e., the needle is 
passed into the peritoneal cavity, and then turned and 





Fic. 2. Author’s technique. Note short (1 cm) segment of suture within 
peritoneal cavity on each side. Tube inserted into incision keeps all 
force at fascial and muscle level, yet suture is accessible for removal. 
See text for explanation of force vectors. 





REMOVABLE BURIED RETENTION SUTURE 





Fic. 3. Deep fascia closed. The retention suture is being passed through 
a retention-suture- wound tube. 


brought out through the peritoneum, fasciae, and muscle. 
leaving only 1 cm of suture within the cavity (Fig. 2), to 
exit into the incision deep to the subcutaneous tissue. 
The ends of these sutures are clamped and laid aside as 
the layer closure is carried out. With such a minimal 
amount of the retention suture within the peritoneal cav- 
ity on each side, the sutures can be safely tied blindly 
after the main wound closure of peritoneum and fasciae is 
completed. 

After the deep closure is completed, but before the 
subcutaneous fascia is sutured, the retention sutures are 
passed through the wound tubes (Fig. 3) and the tubes 
slid into the incision. After sighting through each tube to 
be sure the suture is not twisted, the surgeon ties the 
suture as the assistant applies counter pressure down- 
ward to counteract the upward pull during tying (Fig. 4). 
Considerable tension on these sutures at these intervals 
has been well tolerated by muscle and fasciae. As with all 
sutures, there is a compressive force applied against the 





Fic. 4. Wound tube in incision, and retention suture has been tied. This 
prototype tube is in two pieces. 
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Fic. 5. Same case 14 days after hemigastrectomy and vagotomy. Wound 
tubes, with the contained retention sutures, protrude through the inci- 
sion. 


layers being sutured (see vectors on left in Fig. 2), but 
this is limited to the deep fasciae and muscle. If one 
considers these as a single layer, all of the force is hori- 
zontal, as desired (see single vector on right in Fig. 2). 

The subcutaneous fascia and skin are closed between 
the emerging tubes. If a continuous suture is used for the 
subcutaneous fascia, it is better to lock it on both sides of 
each tube, thereby avoiding any binding around the 
tubes. If a continuous skin suture is used, it is merely 
passed around each tube. Wound dressings should be 
padded appropriately between the tubes. Postoperative- 
ly, some dried serum and fibrin collects in and around the 


tubes, but this is of no consequence. 
It is my practice to leave retention sutures in for ap- 


proximately 14 days, varying this somewhat for conveni- 
ence and considering the possibilities of delayed wound 


Fic. 6. Retention sutures and tubes have been removed and are dis- 
played. Note the small tube sinus openings. 
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Fic. 7. Same case three weeks later, 5 weeks postoperatively. Note that 
the healed sinus openings are almost invisible in the scar, and there is no 
crosshatching. 


healing. At the time of removal (Figs. 5 and 6), the su- 
tures are cut, the wound tubes wiggled out, and the 
sutures removed. The tube sinuses are then cleaned out 
with sterile applicator sticks. Within a couple of days the 
openings close, and within several weeks the healed sinus 
openings cannot be distinguished in the incisional scar, 
and. of course, there is no crosshatching (Fig. 7). 

This technique has now been used in over 60 major 
abdominal cases without deep-wound separation, sub- 
sequent incisional hernia, or skin and subcutaneous in- 
jury. Except for the discharge of one Polydek fascial 
suture two months postoperatively, after which the sinus 
closed, all tube sinuses have promptly healed. 

In only one instance has there been any subcutaneous 
infection due, possibly, to the technique: a moderately 
obese patient was probably responsible for introducing a 
S. aureus infection along only one side of the track of his 
lowest retention suture when he changed his dressing at 
home several times between the twelfth and seventeenth 
postoperative days. Patients should not change their 
dressings before the tubes are out. In several contami- 
nated cases mild subcutaneous infection probably was 
minimized by the tubes serving as drains. 

It would appear that this technique grants the surgeon 
all of the benefits of efficiently placed retention sutures 
without exacting any payment in terms of skin and sub- 
cutaneous tissue damage. 


Addendum 


Since submission of the manuscript, this technique has been success- 
fully applied in an additional 15 cases. Most recently, one-piece poly- 
propylene devices have been used. 








In serious gram-negative infections’ 


Three good reasons 
to initiate therapy with 
Garamycin Injectable 
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1. Unique spectrum. 


2.Incidence of bacterial 
resistance is low and has 
not increased significantly. 


3. Relatively low order of 
adverse renal and eighth 
nerve reactions when used 
as directed. 
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1. Unique spectrum. 







Garamycin Injectable 
(gentamicin sulfate) is 
active against susceptible 
strains of seven major 
gram-negative pathogens. 
These are: 


Escherichia coli 

Proteus, indole-negative 
Proteus, indole-positive 
Pseudomonas aeruginosa 
Klebsiella 

Enterobacter } species 
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Garamycin Injectable is also highly con idolo. species, #9rugino 
effective against susceptible strains negative positive 


of Staphylococcus aureus and may i 
be considered when penicillins are 
contraindicated. 


2. Incidence of bacterial resistance is 
low and has not increased significantly. 


In vitro susceptibility Ina five-year study’ in over 100 hospitals, 
gram-negative pathogens identified and 
virtually unchanged tested demonstrated high susceptibility to 

GARAMYCIN. From 1970 through 1974, 
there was virtually no change in the 
percentage of strains of major gram- 
negative pathogens susceptible to 
GARAMYCIN. 

In the seven or eight years’ experience 
of one investigator? where gentamicin has 
been restricted to parenteral use, 
resistance has not appreciably changed. 

Resistance has been demonstrated to 
develop slowly in stepwise fashion. No 
one-step mutations to high resistance have 
been reported. 
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3. Relatively low order of adverse 
renal and eighth nerve reactions 
when used as directed. 


Adverse renal reactions 

The risk of adverse renal reactions is low in 
patients with normal renal function. Usually 
manifested by nitrogen retention as evidenced 
by arising BUN and creatinine, they occur 
most often in patients with pre-existing renal 
damage and in patients receiving 

larger than ^" recommended doses 

or treated for longer periods of time than 
recommended. ™ See Warning Box below. 





WARNING 


Patients treated with GARAMYCIN Injectable should be 


under close clinical observation because of the potential 
toxicity associated with the use of this drug. 
Ototoxicity, both vestibular and auditory, can occur 


in patients, primarily those with pre-existing renal damage, 


treated with GARAMYCIN Injectable, usually for longer 
periods or with higher doses than recommended. 
GARAMYCIN Injectable is potentially nephrotoxic, and 


this should be kept in mind when it is used in patients with 


pre-existing renal impairment. 
Monitoring of renal and eighth nerve function is recom- 


mended during therapy of patients with known impairment 


of renal function. This testing is also recommended in 


patients with normal renal function at onset of therapy who 


develop evidence of nitrogen retention (increasing BUN, 
NPN, creatinine or oliguria). Evidence of ototoxicity re- 
quires dosage adjustments or discontinuance of the drug. 


Adverse eighth nerve reactions 

The incidence of adverse eighth nerve reactions with 
GARAMYCIN Injectable is relatively low. When occurring, 
the effect is predominantly on the vestibular branch 

of the eighth cranial nerve, resulting in vestibular 
dysfunction with vertigo and tinnitus. These symptoms 
have, in many cases, been transitory. The known effect 
on the auditory branch to date mostly has involved 
only the high-frequency hearing ranges. See Warning 
Box below. 





A logical choice 


In serious gram-negative infections: 
pneumonia 
urinary tract infections 
septicemia 
wound infections 
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Each ml. contains gentamicir 
equivalent to 40 mg gentamic - 


In event of overdose or toxic reactions, peritoneal 
dialysis or hemodialysis will aid in removal of gentamicin 
from the blood. 

Serum concentrations should be monitored when 
feasible and prolonged concentrations above 12 mcg./ml 
should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic 
drugs, particularly streptomycin, neomycin, kanamycin, 
cephaloridine, viomycin, polymyxin B, and polymyxin E 
(colistin), should be avoided. 

The concurrent use of gentamicin with potent diuretics 
should be avoided, since certain diuretics by themselves 
may cause ototoxicity. In addition, when administered 
intravenously, diuretics may cause a rise in gentamicin 
serum level and potentiate neurotoxicity. 

USAGE IN PREGNANCY Safety for use in pregnancy has 
not been established. 





See Clinical Considerations section which follows... 








GARAMYCIN® Injectable, brand of gentamicin 
sulfate, U.S.P., injection, 40 mg. per ml. 

Each ml. contains gentamicin sulfate equiva- 
lent to 40 mg. gentamicin 

For Parenteral Administration 


WARNING 

Patients treated with GARAMYCIN 
Injectable should be under close clinical 
observation because of the potential 
toxicity associated with the use of 
this drug. 

Ototoxicity, both vestibular and 
auditory, can occur in patients, primarily 
those with pre-existing renal damage, 
treated with GARAMYCIN Injectable, 
usually for longer periods or with higher 
doses than recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in 
mind when it is used in patients with 
pre-existing renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy 
of patients with known impairment of 
renal function. This testing is also 
recommended in patients with normal 
renal function at onset of therapy who 
develop evidence of nitrogen retention 
(increasing BUN, NPN, creatinine or 
oliguria). Evidence of ototoxicity requires 
dosage adjustments or discontinuance 
of the drug. 

In event of overdose or toxic reactions, 
peritoneal dialysis or hemodialysis will aid 
in removal of gentamicin from the blood. 

Serum concentrations should be 
monitored when feasible and prolonged 
concentrations above 12 mcg./ml. 
should be avoided. 

Concurrent use of other neurotoxic 
and/or nephrotoxic drugs, particularly 
streptomycin, neomycin, kanamycin, 
cephaloridine, viomycin, polymyxin B, and 
polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin 
with potent diuretics should be avoided, 
since certain diuretics by themselves 
may cause ototoxicity. In addition, when 
administered intravenously, diuretics 
may cause a rise in gentamicin serum 
level and potentiate neurotoxicity. 
USAGE IN PREGNANCY Safety for use 
in pregnancy has not been established. 


INDICATIONS GARAMYCIN Injectable is 
indicated, with due regard for relative toxicity 
of antibiotics, in the treatment of serious 
infections caused by susceptible strains of the 
following microorganisms: 

Pseudomonas aeruginosa, Proteus species 
(indole-positive and indole-negative), 
Escherichia coli and Klebsiella-Enterobacter- 
Serratia species. 

Clinical studies have shown GARAMYCIN 
Injectable to be effective in septicemia and 
serious infections of the central nervous system 
(meningitis), urinary tract, respiratory tract, 
gastrointestinal tract, skin and soft tissue 
(including burns). 

Bacteriologic tests to determine the 
causative organisms and their susceptibility 
to gentamicin should be performed. 

Bacterial resistance to gentamicin develops 
slowly in stepwise fashion; there have been 
no one-step mutations to high resistance. 

In suspected or documented gram-negative 
sepsis, GARAMYCIN may be considered 
as initial therapy. The decision to continue 
therapy with this drug should be based on the 
results of susceptibility tests, the severity of 
the infection, and the important additional 
concepts contained in the Warning Box. 


*Due to susceptible organisms 


A logical choice 


in serious gram-negative infections 





For suspected sepsis when the infecting 
organism is unknown, gentamicin may be 
administered in conjunction with a penicillin- 
type drug. Following identification of the 
organism and its susceptibility, appropriate 
antibiotic therapy should then be continued. 
In the neonate with suspected sepsis or 
staphylococcal pneumonia, a penicillin-type 
drug is also usually indicated as concomitant 
therapy with gentamicin. 

GARAMYCIN Injectable has been shown 
to be effective in serious staphylococcal 
infections. It may be considered in those 
infections when penicillins or other less 
potentially toxic drugs are contraindicated and 
bacterial susceptibility testing and clinical 
judgment indicate its use. 
CONTRAINDICATIONS A history of hyper- 
sensitivity to gentamicin is a contraindication 
to its use. 

WARNINGS See Warning Box. 

PRECAUTIONS Neuromuscular blockade and 
respiratory paralysis have been reported in 

the cat receiving high doses (40 mg./kg.) of 
gentamicin. The possibility of these phenom- 
ena occurring in man should be considered 

if gentamicin is administered to patients 
receiving neuromuscular blocking agents, such 
as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in 
overgrowth of nonsusceptible organisms. If 
this occurs, appropriate therapy is indicated. 
ADVERSE REACTIONS 
Nephrotoxicity: Adverse renal effects, as 
demonstrated by rising BUN, NPN, serum 
creatinine and oliguria, have been reported. 
They occur more frequently in patients with 
a history of renal impairment treated with larger 
than recommended dosage. 

Neurotoxicity: Adverse effects on both 
vestibular and auditory branches of the eighth 
nerve have been reported in patients on 

high dosage and/or prolonged therapy. 
Symptoms include dizziness, vertigo, tinnitus, 
roaring in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, 
and convulsions have also been reported. 
Note: The risk of toxic reactions is low in 
patients with normal renal function who do 
not receive GARAMYCIN Injectable at higher 
doses or for longer periods of time 
than recommended. 

Other reported adverse reactions, possibly 
related to gentamicin, include increased 
serum transaminase (SGOT, SGPT), increased 
serum bilirubin, transient hepatomegaly, 
decreased serum calcium; splenomegaly, 
anemia, increased and decreased reticulocyte 
counts, granulocytopenia, thrombocytopenia, 
purpura: fever, rash, itching, urticaria, 
generalized burning, joint pain, laryngeal 
edema; nausea, vomiting, headache, increased 
salivation, lethargy and decreased appetite, 
weight loss, pulmonary fibrosis, hypotension 
and hypertension. 

DOSAGE AND ADMINISTRATION 
GARAMYCIN Injectable may be given 
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intramuscularly or intravenously. 
For Intramuscular Administration: 
Patients with normal renal function* 

Adults: The recommended dosage for 
GARAMYCIN Injectable for patients with 
serious infections and normal renal function 
is 3 mg./kg./day, administered in three 
equal doses every 8 hours. 

For patients weighing over 60 kg. (132 Ibs.), 
the usual dosage is 80 mg. (2 ml.) three 
times daily. For patients weighing 60 kg. 

(132 Ib.) or less, the usual dosage is 60 mg. 
(1.5 ml.) three times daily. 

In patients with life-threatening infections, 
dosages up to 5 mg./kg./day may be 
administered in three or four equal doses. This 
dosage should be reduced to 3 mg./kg./day 
as soon as clinically indicated. 

*In children and infants, the newborn, and 
patients with impaired renal function, dosage 
must be adjusted in accordance with instruc- 
tions set forth in the Package Insert. 

For Intravenous Administration: 

The intravenous administration of 
GARAMYCIN Injectable is recommended in 
those circumstances when the intramuscular 
route is not feasible (e.g., patients in shock, r 
with hematologic disorders, with severe burns, , 
or with reduced muscle mass). 

For intravenous administration, in adults, a 
single dose of GARAMYCIN Injectable may 
be diluted in 100 or 200 ml. of sterile normal 
saline or in a sterile solution of dextrose 

% in water; in infants and children, the 
volume of diluent should be less. The concen- 
tration of gentamicin in solution in both 
instances should normally not exceed 
1 mg./ml. (0.196). The solution is infused over 
a period of 1 to 2 hours. 

The recommended dose for intravenous 
administration is identical to that recommended 
for intramuscular use. 

GARAMYCIN Injectable should not be 
physically premixed with other drugs, but 
should be administered separately in 
accordance with the recommended route of 
administration and dosage schedule. 

HOW SUPPLIED GARAMYCIN Injectable, 

40 mg. per ml., is supplied in 2 ml. (80 mg.) 
multiple-dose vials and in 1.5 ml. (60 mg.) and 
2 ml. (80 mg.) disposable syringes for paren- 
teral administration. 

Also available, GARAMYCIN Pediatric 
Injectable, 10 mg. per ml., supplied in 2 ml. 
(20 mg.) multiple-dose vials for parenteral 
administration. 

010 JULY 1974 
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For more complete prescribing details, 
consult Package Insert or Physicians' Desk 
Reference. Schering literature is also 
available from your Schering Representative 
or Professional Services Department, 
Schering Corporation, Kenilworth, 

New Jersey 07033. 
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Ten patients are presented in whom a continent ileostomy (inter- 
nal ileal reservoir or Kock Pouch) was constructed. The series is 
unique in that it includes the first such ileostomy successfully 
constructed in this country. The other 9 patients, for a variety of 
reasons, sought conversion from a standard ileostomy with an 
external appliance, to a continent ileostomy. Eight of 9 were 
successfully converted. Subsequent loss of continence has occur- 
red in 2 of the patients due to reduction or intususception of the 
nipple valve. In one of the two, a satisfactory level of continence 
appears related to adequate pouch size. The second patient is 
seriously inconvenienced by a varying level of continence in part 
related to slow development of pouch size. Seven of the 10 attest to 
a dramatic improvement in life style, and illustrate the high level 
of patient satisfaction with a continent ileostomy. 


R MANY YEARS surgeons have been interested in the 
effects on the experimental animal of recirculating 
small intestinal loops and reversed or antiperistaltic seg- 
ments of the small bowel. As early as 1887 Halsted pub- 
lished a study on Circular Suture of the Intestine® The 
adverse effects of many of these procedures have been 
recorded in the surgical literature. 

In the late 1940’s and early 1950’s papers appeared 
describing anal ileostomies with sphincter preservation 
following colectomy.*!! Because good results were few, 
and an incontinent perineal ileostomy is impossible to 
care for, these procedures gained no acceptance. At- 
tempts at sparing the uninvolved rectum in patients un- 
dergoing total colectomy for ulcerative colitis are still 
made, and an occasional successful ileoproctostomy is 
the rare exception to the usual failure. In 1955 Valienti 
and Bacon described an ingenious pantaloon pouch for 
perineal pull-through," but again incontinence precluded 
wide application of this technique. 
CE" — eh 
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In 1969 Kock described his experience with 5 patients 
in whom an internal ileal reservoir had been created 
following total colectomy for ulcerative colitis. The re- 
servoir created produces a continent ileostomy, elimi- 
nates the need for an external appliance, and is serviced 
by catheterization 2 to 4 times daily. Professor Kock's 
evaluation of his first 25 patients was published in April 
of 1971,° and it was this article that stimulated my in- 
terest. 


Case Reports 


Case 1. P. P., a 34-year-old man, had 10 year history of 
ulcerative colitis and sigmoidoscopic and radiologic progression 
with development of strictures despite recent weight gain and 
relative clinical quiescence of the disease. 

Total colectomy, abdominoperineal resection and construc- 
tion of a Type A Kock pouch were performed on 8/25/71. The 
postoperative course was complicated by transient small bowel 
obstruction. The patient was discharged on 9/12/71, continent of 
feces and catheterizing four times daily. Lysis of a single adhe- 
sive band was required one month later. 

Comment. Forty-two months after construction of the 
Pouch, the patient catheterizes the Pouch 3-6 times daily. 
He wears a temporary appliance only when he has severe 
viral diarrhea. Catheterization requires 2-5 minutes. 
There have been no evident ill effects. We believe this to 
be the first successful Kock Pouch constructed in the 
United States. 

Case 2. K. D., a 24-year-old man, had a history of colitis 
since 1966, In July of 1970 total colectomy and ileostomy were 
performed elsewhere. Proctectomy had been advised because 
of persistent rectal disease, and on 6/8/72 abdominoperineal 
resection and construction of a Type A Kock Pouch were 
performed at the Stamford Hospital. Absence of any free 
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Fic. 1. Construction of Kock pouch. 


peritoneal cavity necessitated extensive lysis of adhesions. 
Marked scarring of the medial rectus obviated a truly oblique 
course for the ileostomy. The postoperative course was marred 
by partial obstruction; and recurrent obstruction due to dense 
adhesions proximal to the pouch necessitated readmission in 
January of 1973 with major operative intervention and ultimate 
pouch resection. 


Comment. While this patient was never continent, and 
now is crippled by short bowel syndrome, he can not be 
considered a true pouch failure but rather a failure due to 
dense adhesions—complications of his original 


peritonitis and subsequent surgical intervention. 

Case J. L. D., a 19-year-old woman, underwent total colec- 
tomy and abdominoperineal resection for toxic megacolon 
elsewhere in March 1971. She was unable to retain an appliance 
intact longer than 36 hours. On 6/21/72 reconstruction to a Type 
A Kock Pouch was performed. Her course was complicated by 
ureterolithiasis and a suture line leak with pelvic abscess. She 
was discharged 8/9/72, 7 weeks after her initial surgery. Follow- 
ing discharge she continued to wear an appliance until full fecal 
continence was attained 8 months after surgery. 


Comment. Like many of the Type A pouches, conti- 
nence was not achieved until pouch capacity increased. 
Now, 31 months after surgery, she catheterizes 4-6 times 
daily depending on diet and wears an appliance only for 
severe viral diarrhea. She achieves full flatus control by 
plugging the stoma when she feels this to be socially im- 
portant. 

While each of the successful reservoir patients were 
delighted with their improvement in life style, it was 
apparent that full continence with the Type A pouch was 
lacking in both instances. Dr. Kock now discovered that 
failures of a Type C pouch, which relied on a valve 
constructed by intussuscepting a nipple of the efferent 
limb, had occurred because of reduction of the nipple. He 
then revised the procedure and 32 additional cases have 
achieved immediate and total and sustained continence. 
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The revised Type C pouch is constructed as follows. 
Slightly more than 10 cm of terminal ileum is left un- 
touched. Two 15 cm legs are sutured at the antimesen- 
teric border with continuous triple O chromic to form an 
CU.” The antimesenteric border is opened with an ex- 
tension of 3 cm on the afferent limb to separate inlet from 
outlet of the reservoir. The mucosa is oversewn with 
continuous catgut. After deep scarification of the serosa 
of the more proximal 7 cm of the efferent limb, this area 
is intussuscepted to form a 3-4 cm nipple. The intestine is 
fixed with 6-12 sutures of non-absorbable suture over a 
#28 catheter used as a strut. The base of the “U” is 
brought to the apex of the inlet and the reservoir closed 
with two layers of continuous catgut. The reservoir is 
inverted between the leaves of the mesentery and valve 
function tested by catheterizing the outlet, injecting air 
with the afferent limb occluded, and removing the cathe- 
ter. Following deflation by again inserting the catheter, a 
low ileostomy opening is made and a canal made through 
the rectus muscle in a medial and caudal direction. The 
efferent limb is drawn through the canal and the pouch 
carefully secured circumferentially with interrupted 
non-absorbable sutures to the anterior peritoneum. The 
lateral space is closed and a flush (4-1 cm) ileostomy is 
matured with interrupted catgut. Introduction and rein- 
troduction of a #28 plastic catheter to ensure ease of 
catheterization is vital. The catheter is then left in place 
in the reservoir and attached to drainage for 7 days at 
which time intermittent catheterization by the patient is 
begun. 

Case 4. M. D., a 27-year-old woman, underwent total colec- 
tomy for ulcerative colitis in April 1972. Since colectomy she 
had had arthritic problems related to active disease in the re- 
tained rectal segment. She desired conversion because of skin 
and appliance problems as well as deep emotional concern over 
the appliance. On 2/7/73 abdominoperineal resection and con- 
struction of a Type C Kock Pouch was performed. She was 
discharged on 2/25/73 totally continent and catheterizing twice 
daily. 

Case 5. T. P., a 26-year-old man, underwent total colectomy 
in 1969 for ulcerative colitis. Active disease was present in the 
retained rectum. For a variety of reasons related to occupation 
and life style, wearing an ileostomy appliance was difficult to 
impossible. On 7/9/73 abdominoperineal resection and con- 
struction of a Type C Kock Pouch was performed. He was 
discharged on 7/20/73 catheterizing 2-4 times daily and totally 
continent between catheterizations. 

Case 6. M. M., a 28-year-old woman, underwent total colec- 
tomy for toxic megacolon in December of 1968. Ab- 
dominoperineal resection was necessary on 12/31/68 because of 
massive hemorrhage. Repair of a small bowel fistula was 
achieved on 2/7/69. Severe limitations in her life style and 
aversion toward appliances led to desire for conversion, and on 
1/4/74 resection of a large multiloculated left ovarian cyst, 
cholecystectomy, and construction of a Type C Kock pouch 
were performed. Partial small bowel obstruction relented on 
1/19/74 and she was discharged on 1/26/74 catheterizing 4-5 
times daily and totally continent between catheterizations. 

Case 7. J. C., a 29-year-old woman, had a total colectomy 
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and abdominoperineal resection for ulcerative colitis on 10/29/ 
70 elsewhere. Because of inability to retain an appliance longer 
than 48 to 72 hours, and social and psychological problems 
attributable to the appliance, she sought conversion to an inter- 
nal ileal reservoir. On 6/3/74 the ileostomy was revised and a 
Type C Kock Pouch was constructed. She was discharged on 
6/15/74 catheterizing every 4-6 hours and totally continent be- 
tween catheterizations. 

Case 8. C. M., a 33-year-old man, had a total colectomy and 
abdominoperineal resection for ulcerative colitis in November 
of 1973. Despite ostomy therapist consultation, he was unable 
to retain an appliance longer than 48 hours. There were severe 
limitations on his desired level of physical activity (contact 
sports) and he desired conversion to a continent ileostomy. On 
6/20/74 lysis of adhesions and revision of the ileostomy to a 
Type C Kock pouch was performed. On 6/28/74, one day after 
initiation of intermittent pouch catheterization, a low spiking 
temperature began. Incision and drainage of an intraperitoneal 
abscess was performed on 7/5/74 with the appearance of small 
bowel content on 7/6/74. Retrograde gastrografin study on 
7/8/74 confirmed the presence of a leak from the pouch suture 
lines. Maintenance with constant pouch catheterization and 
initial IV feedings led to cessation of the leak by 7/11/74 and oral 
Vivonex was then begun with progressive healing over the next 
8 days. He was discharged on 7/20/74, catheterizing every two 
hours during the day and totally continent between catheteriza- 
tions. By 8/13/74 he was catheterizing 3-4 times daily. Four 
months after surgery he suddenly became intermittently incon- 
tinent. Colonoscopy of the pouch and small bowel studies re- 
vealed a small pouch, absence of the nipple sutures and pre- 
sumptive evidence that the valve was intususcepting. Because 
of the flush stoma control of leakage has been a major problem. 


Comment. We are deferring attempts at operative cor- 
rection in hopes that pouch size increase may lead to 


satisfactory control. 

Case 9. R. F., a 49-year-old man, had a total colectomy and 
abdominoperineal resection on 1/29/58 for ulcerative colitis. He 
had been well since his surgery and was well adjusted to his 
appliance, but now required stomal revision because of retrac- 
tion of the upper medial lip of the stoma and consequent 
appliance leaks. Despite my recommendation that simple 
stomal revision be performed, he desired conversion to a conti- 
nent ileostomy and on 6/24/74 conversion to a Type C Kock 
pouch was performed. At this time resection of the terminal 30 
cm of ileum was necessitated by what appeared to be Crohn's 
Disease but on microscopic was interpreted as ulcerative ileitis 
(mucosal involvement). Initial high output with electrolyte de- 
pletion finally stabilized, and he was discharged on 7/17/74 
catheterizing as necessary (usually twice in the morning and at 
shorter intervals during the afternoon and evening). Four 
months after surgery minor episodes of incontinence occurred. 
Colonoscopy of the pouch and proximal ileum with biopsy and 
small bowel x-rays established a diagnosis of Crohn's Disease. 
Despite probable valve intususception, presence of a large 
pouch has provided a satisfactory level of continence. 

Comment. The presence of progressive enteritis pre- 
cludes any optimism about the ultimate outlook for this 
patient. Surgical intervention with sacrifice of the pouch 
and additional small bowel will probably be required. 

Case 10. L. R., a 40-year-old woman, had completion of a 
staged total colectomy in 1964. Clinically her disease process 
appeared to be segmental colitis but microscopically was read 
as mucosal disease. Because of uncontrolled skin and appliance 
problems, she sought converion to a continent ileostomy and on 
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7/9/74 lysis of adhesions, right tubal ligation and conversion to a 
Type C Kock Pouch was performed. She was discharged on 
7/21/74 after an uneventful postoperative course. to be read- 
mitted three days later with complete small bowel obstruction. 
This did not relent on Miller-Abbott tube suction and on 7/29/74 
extensive lysis of adhesions and Baker tube jejunostomy were 
necessary. The postoperative course was complicated by 
wound infection and pulmonary emboli responding to open 
drainage and Garamycin and IV Heparin respectively. She was 
discharged on 8/31/74 on Coumadin maintenance catheterizing 4 
times daily. 


Results 


Of three Type A reservoirs, two have a satisfactory 
level of continence albeit without full continence of 
flatus. One patient is a total failure due to adhesions. 

Of 7 Type C reservoirs, 5 are fully continent and have 
been since surgery. Two other Type C patients have 
become incontinent 4 months following their surgery. 

The initial total continence of all Type C patients is 
consistent with Dr. Kock’s experience with 37 such re- 
servoirs.” Earlier series reported from the United 
States'” indicate a significant percentage of patients 
wearing appliances immediately following surgery. 


Discussion 


At present the contraindications to primary construc- 
tion of the internal reservoir are considered to be: high 
dosage maintenance steroid therapy; granulomatous col- 
itis; and major emergency intervention in an acutely iil 
patient for hemorrhage, sepsis, or toxic megacolon. A 
relative contraindication is the presence of multiple 
adhesions since our most common postoperative compli- 
cation has been small bowel obstruction (3 of 10 patients). 

The difficulty distinguishing Crohn’s Disease from ul- 
cerative colitis is of deep concern. A number of unre- 
ported cases have required resection of the pouch be- 
cause of Crohn's disease of the small bowel. 

As a result of episodes of obstruction related to 
peanuts, sesame seeds, and kernel corn, we now recom- 
mend that these patients irrigate their pouches weekly 
with tap water until clear. 

There are three major questions which this concept of 
an internal ileal reservoir poses. The first of these— Does 
it work? cannot be adequately answered at this time. 
Seventy per cent of this series are continent but com- 
munication with Dr. Kock reveals that several of his 
Type C reservoir patients have developed late inconti- 
nence. He has modified the formation of the nipple by 
offsetting the mesentery to allow more complete suture 
placement. Dr. Gelernt in New York has experienced a 
similar problem and is using additional rows of seromus- 
cular sutures of the nipple wall. 

The second question—lIs it safe?— logically breaks 
down to two phases, the operative and the long term 
postoperative. The procedure does possess major opera- 
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tive risk elements—the suture lines are extremely long 
and we have had two pouch suture line leaks in these 10 
patients. With experience it is probably as safe as most 
other major operative procedures. The long term effects 
are not quite as clear. Dr. Kock's initial group of patients 
are now 7 years since their surgery and are uniformly 
doing well. My first patient is now more than three years 
postoperative and is without evident problems. A good 
deal of experimental work by Dr. Kock**? would appear 
to substantiate an absence of deleterious effects on ab- 
sorption. Presently, I still regard the procedure as ex- 
perimental and will continue to do so until we have a 
significant number of patients doing well after 15 to 20 
years with a continent ileostomy. 

The final question—Why do it at all?—Treally refers to 
what everyone associated with health care must accept 
as a major concern—the Quality of Life. The answer 
must come from the patients—5 in this series——who have 
lived with a conventional ileostomy, and now have a 
continent ileostomy. It appears that if you are young and 
physically and socially active, a conventional ileostomy 
may not be quite your bag. 


Conclusion 


While advances in the medical and surgical treatment 
of ulcerative colitis have brought significant improve- 
ment in our ability to sustain patients, emergency colec- 
tomy all too frequently must be employed on desperately 
ill patients. Under these circumstances colectomy results 
in an heightened morbidity and mortality. 

The reservoir procedure herein described, in most in- 
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stances, produces a continent ileostomy. Elimination of 
the need for an external appliance results in a more 
normal life style, and should encourage earlier operative 
intervention in patients with ulcerative colitis with a con- 
comitant reduction in morbidity and mortality. 
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False Aneurysm of the Abdominal Aorta 








Due to Blunt Trauma 


GULSHAN K. SETHI, M.D., STEWART M. SCOTT, M.D., TIMOTHY TAKARO, M.D. 


Nonpenetrating trauma to the abdominal aorta is uncommon and 
the development of a traumatic abdominal aortic aneurysm is 
even more rare. The victims of blunt trauma to the abdomen 
should be examined for diminution or absence of femoral pulses, 
especially if numbness, diminished sensations, or motor weakness 
appear following trauma. If pulse abnormalities are present, 
aortography should be performed promptly to exclude aortic 
disruption or dissection. Immediate surgery should be performed 
once the diagnosis of aortic disruption is made. To our knowl- 
edge, this is the second reported case of successful surgical 
treatment of a false aneurysm of the abdominal aorta following 
nonpenetrating trauma. 


ONPENETRATING TRAUMA to the abdomen may cause 
injury to any of the intra abdominal organs. Abdomi- 
nal aortic injuries and especially traumatic rupture of the 
abdominal aorta are uncommon. It is possible that most 
of these patients die before medical assistance can be 
given to them, or they are in extremis and are never 
operated upon and do not have autopsy examination." 
Even more rare than traumatic rupture of the abdominal 
aorta 1s the development of a traumatic aneurysm of the 
abdominal aorta.? 
Because of the rare occurrence of such a complication, 
we are reporting the case of a patient who developed a 
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false aneurysm of the abdominal aorta following blunt 
trauma. A review of the pathogenesis and management of 
abdominal aortic injuries due to blunt trauma is also 
included. 


Case Report 


A 46-year-old negro man, who was a chronic alcoholic, had a 
fall from a flight of stairs about 4 weeks prior to admission. He 
struck his chest and abdomen on the stairs, but he did not seek 
medical help. About 48 hours before admission to another hos- 
pital, he began having severe pain in the abdomen and back, as 
well as in the left thigh and leg. The pain gradually became 
worse, to the extent that he could not move from his bed. In the 
past. the patient had been seen many times in the Outpatient 
Clinic with various injuries, including fractured ribs, abrasions 
and contusions of various parts of the body. Physical examina- 
tion revealed a thin male in acute distress due to abdominal and 
back pain. Blood pressure was 150/80 mm Hg pulse was 80 per 
minute, and respirations 20 per minute. A pulsatile abdominal 
mass measuring 8 by 10 inches was palpable in the mid epigas- 
tric region. The femoral and peripheral pulses were palpable 
bilaterally and were of equal volume. No bruit was heard. Chest 
x-ray showed multiple bilateral healed rib fractures. The elec- 
trocardiogram was normal. Hemoglobin was 11.0 gm% and 
hematocrit 33%. Blood chemistry determinations were normal. 
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Fic. 1. Preoperative intravenous pyelogram showing normally function- 
ing kidneys bilaterally. The right kidney is in its normal anatomical 
position, but the left kidney (big arrow) is displaced superiorly and 
laterally by an extrinsic mass (small arrows) and has attained an almost 
horizontal position. 


An intravenous pyelogram revealed normally functioning kid- 
neys bilaterally. However, the left kidney was markedly dis- 
placed superiorly and laterally by an extrinsic mass, attaining 
an almost horizontal position (Fig. 1). Over the next 24 hours 
following admission, his back pain became worse and the 
hemoglobin level dropped from 11 to 9 gm%. He was trans- 
ferred to Oteen Veterans Administration Hospital with a presump- 
tive diagnosis of rupturing abdominal aortic aneurysm. Exami- 
nation at this time showed a patient with obtunded sensorium. 
The previously described pulsatile abdominal mass was now 
also tender. There was also marked tenderness in the lower 
back. Vital signs were unchanged. Peripheral pulses were nor- 
mal. The patient was immediately taken to the operating room. 
A radial arterial line and a central venous line were inserted for 
monitoring purposes, and the abdomen was opened through a 
midline incision. Exploration of the abdomen did not reveal 
evidence of recent or remote intra-abdominal bleeding, or any 
injury to the visceral organs. The pulsatile mass, measuring 8 by 
10 inches occupied almost the whole left retroperitoneal area. 
The right kidney was in its normal anatomical position. The left 
kidney was displaced cephalad and laterally by the pulsatile 
mass and was lying under the spleen (Fig. 2). The left renal vein 
was stretched over the aorta so that to obtain control of the 
aorta proximal to the aneurysm was technically very difficult. 
Accordingly, the left renal vein was divided and access to the 
infrarenal aorta was obtained. Distally the iliac arteries were 
dissected and umbilical tapes were passed around them. Be- 
cause of the limited availability of blood and the danger of 
uncontrollable bleeding, autotransfusion was used in the man- 
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ner recommended by Bentley Laboratories, Inc.* Ten thousand 
units of heparin were administered intravenously. The aorta 
was crossclamped below the renal arteries and the iliac arteries 
were clamped distally. The aneurysm was incised anteriorly, 
and immediately about 1,000 mls of blood were aspirated and 
circulated to the patient by the autotransfusion pump. After 
opening the aneurysm, it became apparent that the patient had 
an anterior transverse laceration of the aorta, and that the mass 
occupying most of the retroperitoneal area was a false 
aneurysm. The lacerated ends of the anterior wall of the aorta 
were about 4 cms apart and primary closure of the aorta was not 
possible. The aorta was transected and an I8 mm tubular knit- 
ted dacron arterial prosthesis** was interposed between the cut 
ends of the aorta. Postoperatively, he had good peripheral 
pulses. On the fourteenth day, he developed azotemia which 
responded promptly to fluid administration. Pain in the left 
lower extremity continued, and he later developed weakness of 
the quadriceps muscles. A postoperative intravenous pyelo- 
gram showed prompt function of both kidneys, and the left 
kidney was returned to its normal anatomical position. At 6 
months' follow-up, he is doing well, and the left leg pain and 
weakness of the quadriceps muscles have improved. Renal 
function studies and intravenous pyelogram are normal. 


Discussion 


Over 9595 of traumatic aortic injuries involve the 
thoracic aorta at points of fixation which include the base 
of the heart, the attachment of the ligamentum ar- 
teriosum, and the diaphragm at the hiatus.’ Nonpenetrat- 
ing traumatic injuries to the abdominal aorta are uncom- 
mon because it is well protected by its retroperitoneal 
location and by the rigid vertebral column. In 347 au- 
topsy cases of nonpenetrating traumatic injury of the 
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aorta, only 16 instances of injury to the abdominal aorta 
were recorded.*!5 In a review of over 1300 cases of 
nonpenetrating abdominal trauma, abdominal vascular 
injuries were noted in 16 instances and the abdominal 
aorta was involved only once.® 

The mechanism of blunt abdominal aortic injury is 
related to direct and indirect forces. The aorta is rela- 
tively fixed by the lumbar vessels and vertebral column. 
Direct force may cause aortic rupture from the resultant 
pressure against the ''trapped"' aorta or by laceration of 
the vessels from associated vertebral fracture? The se- 
verity of atheromatous changes and the magnitude of blunt 
force determine whether complete disruption of the aorta 
occurs or only intimal tearing with subsequent mural 
dissection? The indirect forces are created by 1) trans- 
mission of the pressure of the initiating force through 
adjacent organs to the aortic wall with resultant compres- 
sion against a relatively incompressible blood column, 
the existing intravascular pressure, and the elasticity of 
the aortic wall, and 2) by the rate of deceleration between 
free and relatively fixed segments of the aorta, resulting 
in a shearing force and aortic rupture.!5 Other factors 
contributing to blunt aortic injuries include the physique 
of the individual, the character and suddenness of the 
trauma, and the state of contraction of the musculature of 
the abdominal wall. The thin build and suddenness of the 
injury may have facilitated the aortic laceration in our 
patient. 

The most common causes of abdominal aortic injuries 
due to nonpenetrating trauma are automobile accidents 
or direct blows to the abdomen. Occasionally, as in our 
patient, direct trauma to the abdomen, by a fall from a 
height, may also cause aortic rupture. Campbell and Aus- 
tir? reported a case of initmal tear and thrombosis of the 
distal abdominal aorta due to seat belt injury. Ngu and 
Konstam? reported intimal tear and thrombosis of distal 
aorta in a thin 37-year-old woman who was struck across 
the mid abdomen by the end of a surfboard. The right leg 
was paralyzed and motor power and sensation to pin 
prick were grossly impaired in the left lower extremity. 
Both lower extremities were ischemic. The thrombus 
was removed from the aorta and the displaced intima was 
sutured back to the proximal edge of the tear. Normal 
motor function and sensation returned rapidly in both 
legs following surgery. 

Nonpenetrating abdominal injuries may cause occlu- 
sion, rupture, or transection of the aorta, or may produce 
dissecting or false aortic aneurysms. Acute abdominal 
aortic occlusion is usually manifested by claudication, 
cyanosis, coldness, numbness, weakness, and impending 
gangrene of the lower extremities. The femoral pulses are 
usually absent. Severe neurological complications rang- 
ing from mild sensory loss to paraplegia may occur.’ 
Ischemic changes of nerves may also explain persistent 
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paresthesia and subjective weakness of legs. The weak- 
ness of the quadriceps muscles, as in our patient, is 
probably due to femoral nerve entrapment caused by the 
retroperitoneal hematoma.!* Usually it responds to 
physiotherapy and may take many months for complete 
recovery. 

In case of known severe abdominal trauma, un- 
explained shock and development of flank eechymosis 
should cause suspicion of retroperitoneal bleeding, which 
could be due to rupture or transection of the abdominal 
aorta. Occasionally, a pulse may be palpable distal to the 
point of arterial disruption because the pressure waves 
may be transmitted through the freshly formed soft clots, 
although the lumen of the vessel may be completely 
occluded. In reviewing 259 arterial injuries, Perry and 
associates’? noted that 10% of the proven injuries had 
equal distal pulses, and Drapanas and his associates! 
reported this incidence to be as high as 2796. Aortog- 
raphy should be considered in all patients who sustain 
severe blunt trauma to the abdomen and who are sus- 
pected to have suffered aortic or visceral arterial injuries. 

Immediate operation should be performed when the 
diagnosis of abdominal aortic disruption is made or sus- 
pected. Apart from the danger of exsanguination secon- 
dary to adventitial rupture, the results of aortic recon- 
structive surgery for aortic injury appear to be time re- 
lated? At laparotomy, the retroperitoneal area should be 
carefully examined. Subadventitial discoloration, pulse 
discrepancies, and turbulent flow through the vessels 
may be detected. They indicate aortic injury. Usually a 
large retroperitoneal hematoma due to pelvic fractures is 
not explored unless concern about a major vascular in- 


dictated by the findings at operation. If thrombo- 
embolectomy and primary repair are possible, then it is 
the procedure of choice. Distal intimal flaps should be 
adequately tethered with sutures to avoid further dissec- 
tion. If there is extensive destruction of the aorta, a 
vascular prosthesis should be interposed. Intraoperative 
angiography is indicated if distal pulses are not palpable 
after aortic reconstruction. Occasionally, as in our case, 
it may be necessary to ransect the left renal vein to gain 
access to the aorta proximal to the site of rupture, The 
left renal vein can be safely interrupted without produc- 
ing permanent damage to the function of the left kidney 
provided the principal tributaries, in particular, the 
gonadal and adrenal veins are preserved, so that renal 
venous blood may drain through these tributaries.” 
Riccen and Dichen!! in 1942 described a patient who 
developed a false aneurysm of the abdominal aorta fol- 
lowing blunt trauma by the butt of a gun. He died 27 
years later when the aneurysm ruptured. In 1966, Griffen 
and associates? reported the first successful surgical re- 
pair of a false aneurysm of the abdominal aorta in a 
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13-year-old boy. This report adds another case of surgi- 
cally repaired false aneurysm of the abdominal aorta 
which developed following a nonpenetrating abdominal 
trauma. 
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Postoperative Chronic Renal Failure: 


A New Syndrome? 


GEORGE E. MERINO, THEODORE J. BUSELMEIER, CARL M. KJELLSTRAND 


Of 125 patients with postsurgical acute tubular necrosis, 87 died, 
34 regained clinical normal renal function, and 4 survivors (9.5%) 
were left with severe permanent renal failure, two of whom 
required chronic dialysis and transplantation. Preoperatively 
these 4 patients had normal renal function. The 4 patients were 
above age 60, two had undergone methoxyflurane anesthesia, and 
nephrotoxic antibiotics were used in all. The incidence of perma- 
nent renal failure is much higher than ever reported and may 
reflect the survival of patients who previously died because of 
less ideal dialysis. We believe that the cause of this permanent 
lesion is multifactorial, including age (over 60 years), nephrotoxic 
antibiotics (particularly cephalothin and gentamicin sulfate), and 
nephrotoxic anesthetic (methoxyflurane) agents. This combina- 
tion of factors should be avoided whenever possible. 


CUTE TUBULAR NECROSIS (ATN) following surgery 
has a mortality of 50 to 7096.?5:59* The patients who 
survive the acute episode recover clinical complete renal 
function within 2 to 8 weeks, although some cases of 
functional disturbances can be detected by dilution tests, 
concentration tests, and glomerular filtration rates.!*^?7 
Recently there have been reports of incomplete clinical 
function recovery after methoxyflurane (Penthrane) 
anesthesia.?'* In our earlier experiences, and that of 
others ?5:1*?7 clinical complete renal function returned in 
all patients who survived ATN following operation. 
Since 1968, however, we encountered a 1096 incidence of 
severe chronic renal failure complicating operative pro- 
cedures in patients with previous normal renal function. 
These patients represent a previously unobserved post- 
operative condition. This paper describes these patients 
and our search for contributing etiological factors. 
Between January 1968 and August 1974, 187 patients 
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needed dialysis because of acute renal failure associated 
with a catastrophic illness (Table 1). Fifty-one of these 
patients had their complication as a consequence of a 
medical disease, 8 were obstetrical complications, and 
three cases of ATN followed severe burns. The remain- 
ing 125 patients developed ATN after different types of 
operative procedures. Eighty-seven (70%) of these ATN 
patients died, and 34 recovered enough renal function to 
maintain a creatinine level below 2 mg/100 ml, usually 
within one month. However, two patients have required 
continuous chronic hemodialysis or transplantation and 
two others have creatinine levels of approximately 4 
mg/100 ml, one and 6 years after their acute renal failure 
episode. These last 4 patients represent 1092 of the sur- 
viving post-surgical group and their case reports follow. 


Case Reports 


Case l (Fig. 1). A 70-year-old man was admitted in May 1970 
for the removal of a right colonic polyp. He had a 10-year 
history of mild diabetes mellitus which was controlled with diet. 
On admission he had a blood pressure reading of 150/80, à BUN 
of 20 mg/100 ml, glucose of 210 mg/100 ml, and uric acid of 3.8 
mg/100 ml. Urinalysis, electrolytes, total proteins, cholesterol, 
alkaline phosphatase and SGOT readings were normal. Six days 
after admission, following colonic preparation with low residue 
diet and sulphathalidine therapy, a segmental resection 
of his right colon was performed. He was anesthetized with 
pentothal sodium (250 mg) and methoxyflurane (Penthrane) 0.7 
vol %. During the 344 hour-long operation the patient's blood 
pressure, 160 mm systolic immediately preoperation, remained 
at approximately 120 mmHg, but it decreased to 100 mmHg in 
the recovery room. This was promptly corrected with intraven- 
ous fluids and metaraminol (Aramine). On the day of his opera- 
tion the patient produced 1000 cc of urine, but oliguria ensued 
(200 and 400 cc of urine per day) in spite of treatment with 
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mannitol and ethacrynic acid. He received cephalothin (Keflin), 
] gm every 6 hours, for 14 days. 

Seventeen days after surgery his creatinine was 15.2 mg/100 
ml, BUN 106 mg/100 ml, HCO, 14, uric acid 14.0 mg/100 ml, 
serum potassium 6.2 mEq and serum phosphorus 9.5 mg/100 
ml. Calcium oxalate crystals were found in two repeated 
urinalysis tests. The result of a renogram (?! I Hippuran) was 
compatible with acute tubular necrosis and hemodialysis was 
started. Over the next 5 months, the patient received approxi- 
mately 40 dialyses. His urine output remained between 56 and 
200 cc per day the entire time. 

He then received a cadaver donor kidney transplant that 
functioned well at first, but three rejection episodes ensued, 
which were treated with local radiation and large doses of 
prednisone. Subsequently, pulmonary infection developed that 
necessitated the lowering of his immunosuppression dosage, 
and irreversible kidney rejection followed. Candida albicans 
was cultured from his sputum and urine at that time. The patient 
refused further dialysis treatment. He died 5 months after 
transplantation, 10 months after the onset of renal failure. 

The postmorten examination of the patient's own kidneys 
showed fibrosis of the renal cortex, with multiple small ab- 
scesses that contained candida organisms and oxalate crystals 
(Fig. 2). 

Case 2 (Fig. 3). The patient was a 60-year-old man with a 
history of peptic ulcer that had been treated by antrectomy and 
a Billroth II gastroenterostomy. In March 1973 he was gastro- 
scoped under Diazepam sedation for removal of a polyp in the 
duodenal stump. At that time the patient had a BUN of 18, the 
urinalysis and electrolyte study results were normal. 

Twenty-four hours following endoscopy acute peritonitis de- 
veloped. An exploratory laparotomy revealed an accidental 
perforation of the duodenal stump. Closure of the perforation 
and lavage were completed in two hours under Halothane 
(fluothane) anesthesia. 

The following day he became febrile and was given 
cephalothin (Keflin), 2 gm every 4 hours, intravenously for 6 
days. An intraperitoneal abscess developed and a 2 hour long 


exploratory laparotomy for drainage of a sub-hepatic abscess 
was done on the l6th postoperative day with fentanyl- 
droperidol (Innovar) anesthesia. Before surgery the patient's 
serum creatinine was 1.7 mg/100 ml and the BUN was 17 mg/ml. 
The procedure was complicated by 20 minutes of hypotension 
(BP 80/40 mm Hg), which was corrected with 2000 cc of fluid. 
Gentamycin sulfate therapy was started (80 mg) during surgery 
and continued for 11 days, with ampicillin, 1 gm 4 times a day, 
for 6 days. 

His urine output remained at about 2000 ml daily for 6 days, 
then dropped to less than 100 cc/day. Sixteen days after 
laparotomy his serum creatinine was 11.3, and the BUN was 
100 mg/100 ml. 

At that time the patient was transferred to the University of 
Minnesota Hospital to begin periodic hemodialysis, which he 
still requires. Chloramphenicol therapy replaced gentamycin. 
On the 46th postoperative day a colocutaneous fistula was 
discovered draining through the surgical wound. A fistulogram 
demonstrated its continuity with a subphrenic abscess. Under 
halothane (Fluothane) anesthesia, the colonic fistula was closed 
and terminal loop ileostomy performed. Pseudomonas aeru- 
ginosa was cultured from the wound three days later, and 
gentamycin (70 mg after each dialysis) therapy was reinstituted 
for a 22 day period. 

The patient has remained oliguric (less than 400 cc/urine/day) 
since then. Four months later his ileostomy was successfully 
taken down. At the present time he requires three dialyses per 
week and produces about 200 cc of urine a day. His predialysis 
serum creatinine ranges from 6-9 mg/100 ml. 

Case 3 (Fig. 4). A 71-year-old man had a three month history 
of intermittent hematuria when he entered his local hospital in 
October 1968. At that time an IVP revealed an incomplete filling 
of the upper pole calices of the left kidney. Retrograde pyelo- 
gram and renal arteriograms confirmed neoplasia of the left kid- 
ney. His BUN was 23.5, creatinine 0.6 mg/100 ml and electro- 
lyte studies were normal. There was microscopic evidence of 
hematuria, but no proteinuria. Methoxyflurane (Penthrane) (0.7 
vol %) was used during the nephrectomy, which was compli- 
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Fic. 2. Macroscopic and 
microscopic views of Case 
| kidneys. The third kidney 
Seen on the right was 
transplanted from a 
cadaver donor. Micro- 
scopic sections, from the 
patients own kidneys show 
cortical fibrosis, micro- 
abscess and dense oxalate 
crystals depositions. 


cated by left pneumothorax. A brief hypotensive and hypoxic 
episode occurred before a chest tube was inserted to relieve the 
pneumothorax. 

The urine output fell progressively to 300-600 cc/day during 8 
postoperative days and the serum creatinine level rose rapidly 
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sodium was 67 mEq/L and the serum potassium 18.1 mEq/L., 
10 days after unilateral nephrectomy, complicated by a 
staphylococcal infection of the wound and a pulmonary em- 
bolism. He was treated with Chloramphenicol (500 mg) twice 
daily, and subsequently he received both ampicillin (500 mg) 
and methicillin (500 mg) 4 times a day for 3 weeks. On the 15th 
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postoperative day the patient was started on hemodialysis. 
Over the next 57 days he received 16 hemodialyses. His urine 
output increased to about 1000 cc/day and he was then dis- 
charged on a Giovennetti diet. At that time his creatinine was 
8.4 and BUN was 43 mg/100 ml. Since then the patient has been 
hospitalized twice for a mild cerebrovascular accident and a 
rectal polypectomy. Using a protein restricted diet combined 
with 20-40 mg of furosemide per day, his creatinine is now 
stable around 4 mg/100 ml, and his BUN is at 48-60 mg/100 ml, 6 
years after acute renal failure. 

Case 4 (Fig. 5). A 74-year-old woman was admitted to this 
hospital in September 1973 with atwo-year history ofintermittent 
jaundice. One year priorto admission on oral cholecystogram had 
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shown a non-functioning gall badder but the patient had declined 
surgery. Since then she had been on phenothiazine derivatives as 
treatment for agitation. She had an enlarged liver, bilirubin 
8.8mg/100 ml, BUN 16mg/100 ml, serum creatinine 0.8 mg/100 ml, 
alkaline phosphorus 1221 U., SGOT 56 U. A urinalysis revealed 
bilirubinuria. Phentothiazine therapy was discontinued but the 
jaundice persisted, and after a week she developed fever, chills, 
and an elevated WBC, interpreted as acute cholangitis. She was 
started on cephalexin monohydrate (Keflex) therapy, 1 
gm every 6 hours. Three days later a cholecystecetomy and 
cholodocholithotomy were performed and a T tube was left in 
place. Anesthesia was induced with pentothal sodium and main- 
tained with halothane (0.7 vol %) for 314 hours. 
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FiG. 5. Clinical course and 
drug regimen of Case 4. 
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Postoperatively the patient received 4 gm of cephalothin and 
600 cc of dextran (Rheomacrodex) daily for 8 days. On the fourth 
day the urine output had decreased, and over the nexttwodays the 
patient developed anuria. By the ninth postoperative day, the 
creatinine was 12.2 mg/100 ml, BUN 64 K+ 6.5 mEq/L., and the 
pH was 7.27. Repeated !?' Iodine renal scans indicated acute 
tubular necrosis. Over the next 56 days the patient received 21 
hemodialyses. 

On the 22nd postoperative day she became febrile, the WBC 
rose to 20,000 and the blood cultures grew out gram negative rods 
of the Alkaligenes species. She was treated with 80 mg of 
gentamycin for 8 days, followed by Chl oramphenicol | gmevery 6 
hours for 31 days until the infection was cleared. On the 54th 

‘postoperative day the urine output increased to 720 cc/day. Since 
then the urine output has remained at 1000 cc/day. 

At discharge from the hospital the patient's BUN was 62 mg/100 
ml, serum creatinine 4.6 mg/100 ml, creatinine clearance was 10 
cc/minute for 1.73 m?. Recent BUN and creatinine readings taken 
I0 months after discharge were 82and4.2 mg/100 ml respectively. 


Methods 


Diagnostic Methods 

The diagnosis of acute tubular necrosis was based on 
falling urinary output, isosthenuria and a rise in serum 
creatinine and BUN levels. Prerenal failure was ruled out 
by urine electrolytes, and by appropriate fluid replace- 
ment and the use of mannitol and furosemide or ethac- 
rynic acid. All four patients with permanent lesions re- 
ceived ?'! | Hippuran renograms, and two of them also 
received a retrograde pyelography. Only one patient 
(Case 1) underwent renal biopsy (Fig. 1). One patient 
(Case 3) had only one kidney, and the other two patients 
refused biopsies. 


Medical Treatment and Dialysis Regimen 

Broad spectrum antibiotics were used immediately fol- 
lowing operation in these four patients. Three of the four 
patients with permanent lesions (Cases l, 2, 4) received 
cephalothin, the two (Cases 3 and 4) received Chloram- 
phenicol early in their course. In addition, gentamicin 
was given to patients 2 and 4, and ampicillin and/or 
methicillin to patients 2 and 3. 

All patients received oral aluminum hydroxide, for 
phosphate binding, and intramuscular injections of 
anabolic steroids and 9096 of them received broad spec- 
trum antibiotics. Hyperalimentation with intravenous 
amino acids and 50% glucose was used in 50% of the 125 
patients. Two of the patients with irreversible failure 
(Cases 1, 3) were hyperalimentated from 15 days to 2 
months. Seven-hour-long hemodialyses were performed 
three to seven times weekly. Regional heparinization was 
used according to a previously described technique,!? 
and antibiotic doses were adjusted according to the stan- 
dard hemodialysis criteria. 


Results 


Of the 38 patients who survived postoperative ATN, 4 
(9.576) developed severe chronic renal failure. One of 


POSTOPERATIVE CHRONIC RENAL FAILURE 4] 


these 4 patients died 10 months later, 5 months after 
kidney transplantation. He had required dialysis until the 
time of transplantation. Another patient is on chronic 
dialysis two years after his episode of acute renal failure. 
The other two patients no longer require dialysis but they 
are managed on moderate protein restriction and di- 
uretics, one and 6 years after their acute renal failure 
episode. Both patients have a serum creatinine in the 
range of 4 mg/100 ml. 


Surgical Procedures 

Forty-eight abdominal, 11 urological, and 49 car- 
diovascular operative procedures, and 17 episodes of 
trauma, were the origins of the 125 postoperative ATN 
patients treated with dialysis (Table 1). Twenty-one per 
cent of these procedures were performed in other hospi- 
tals. 

Three of the four cases of permanent renal damage 
occurred after abdominal surgery, and one after a unilat- 
eral nephrectomy for hypernephroma. Each of the four 
procedures lasted more than three hours. There were no 
major intra-operative complication but two patients 
(Cases 2 and 3) experienced moderate hypotensive 
episodes (less than 15 minutes) which were corrected 
with fluids, and in one case (Case 1), with vasoactive 
amines. 


Age and Sex 

The youngest of the 125 patients with postoperative 
ATN were two premature babies, and the oldest patient 
was age 83 (Table 2). The patients who required abdomi- 
nal or cardiovascular surgery tended to be older. There 
were 104 males, and 21 females (one of the patients with 
permanent lesions was a woman). 


Complete 
| Recovery 
Post - Surgical 


Abdominal 
Urological! 


Cardiovascular | | 
i 
Trauma i [7 | 7 


Medical 
Burns 


Overall Total 


Table 1. One hundred and twenty-five of the 187 patients treated for 
ATN were postoperative patients. Thirty-eight survived, but 4 of them 
(9.5%) had permanent renal damage (3.2% of all postoperative ATN 
patients). 
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Table 2. Sixteen of 38 survivors were over 60 years of age. The 4 
patients with residual chronic renal failure were all over 60 and 3 of 
them were actually over 70 years old. 


Table 2 illustrates that age influenced the renal func- 
tional recovery. Of 16 surviving patients above age 60, 
four (25%) never recovered good renal function. None of 
the 22 patients younger than age 60, who survived, ex- 
perienced permanent damage. 


Oliguric Period 

Oliguria (urine output less than 400 cc per day) lasted 
for an average of 12.7 days in the 34 patients that had full 
recovery of renal function. Of the 4 patients with perma- 
nent lesions, one remained oliguric indefinitely and one 
intermittently for over 2 years. The other 2 patients 
(Cases 3 and 4) remained intermittently oliguric for 52 
and 55 days. As expected, there was no correlation be- 
tween the rapidity of creatinine and BUN elevation in the 
34 patients who recovered complete renal function, and 
the four who did not. 


Complications 

Infectious complications occurred in nearly all of the 
125 ATN patients. Eighty per cent had positive urine 
cultures and pathogenic bacteria was cultured from their 
sputum. During the first postoperative month 6066 of the 
87 patients who died had positive blood cultures that 
usually grew gram negative rods. 

Three of the four patients who required dialysis (Cases 
2. 3, 4), grew positive blood cultures in the immediate 
postoperative period, and two of them (Cases 2 and 4) 
probably had sepsis before surgery. Patient 2 had an 
intraperitoneal infection at the time of the operative pro- 
cedure coincidental with the onset of renal failure, and 
gram-negative septicemia was documented at least twice 
during the first postoperative month. Patient 4 presented 
with a picture of ascending colangitis and more than 
100,000 colonies/ml of E. coli were grown from the bite at 
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the time of surgery. There was no evidence of septicemia 
in Patient | until after a cadaver kidney was transplanted 
and immunosuppressive treatment was started. 


Anesthesia 
Two of the four patients with permanent lesions re- 


ceived methoxyflurane, the other two had halothane 
anesthesia. At our institution, nitrous oxide and an IV 
narcotic agent are used for approximately 60% of the 
general anesthesia inductions and halothane is used in 
20%. Ten per cent of the operations are performed under 
local anesthesia, and less than 146 of the patients receive 
methoxyflurane antibiotics. Cephalothin was used early 
after surgery in three cases and gentamicin was used in 
two. Two patients were treated with chloramphenicol 
and two with ampicillin and methicillin sodium. Almost 
all of our postoperative patients with ATN received 
broad spectrum antibiotics during their course. 
Cephalothin is most commonly used, but one-third of the 
patients also received gentamicin. 


Discussion 


In spite of great improvements in dialysis techniques, 
vascular access, postoperative care, the understanding of 
electrolyte fluid balance and parental alimentation, andthe 
development of new antibiotics, the survival rate of pa- 
tients with postoperative ATN has remained unchanged 
over the last three decades. Apparently the technical 
improvements have been offset by an increased patient 
age and an increased severity of the basic disease com- 
plicated by acute renal failure ?59699 

A high incidence (9.5%) of severe chronic renal failure 
in the survivors of postoperative ATN, however, is at 
variance with earlier descriptions. Several previous large 
series have reported that such patients achieve clinical 
normalcy, although subclinical abnormalities were found 
in 60-70% of the cases.*?* The most common abnor- 
malities seem to be a reduction in the glomerular filtra- 
tion rate and renal blood flow. The tubular function tests 
were abnormal in a smaller per cent of patients (3176). *7 
What specifically inhibited the regenerative capacity of 
the kidneys in our four patients is unknown. These pa- 
tients may represent a group that would have died when 
prolonged dialysis, in the pre-Scribner shunt era, was 
technically impossible. Several factors, alone, or more 
likely, combined must be considered. 


Age 

Age was the common factor among the four patients 
with permanent lesions. Each was above age 60 at the 
time their acute renal failure developed. Davies and 
Shock! have reported decreases in renal function with 
aging. They reported that innulin and PAH clearance 
decreased to 46% and 53%, respectively, between the 
ages of 20 and 90 years. Kumar et al.” found that the 
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older patient who experienced acute renal failure has a 
longer period of aliguria and a slower recovery period. 
Hall et al. observed that in spite of complete clinical 
recovery after postoperative acute renal failure, the av- 
erage "functional" recovery was only 75% in patients 
over 45 years of age. 

Vascular changes of benign nephrosclerosis is the most 
common abnormality of the senescent kidney, which 
probably accounts for the atrophic and degenerative 
changes evident as focal areas of diminished uptake on 
the !I Hippuran renal scan. In the older patient, this 
may predispose the kidneys to less than complete recov- 
ery. However, Skov and Hansen”? observed no differ- 
ence in the functional hypertrophy of the remaining kid- 
ney in either elderly or young kidney donors. The 25% 
failure to achieve clinically normal function in our surviv- 
ing patients above age 60 remains our single most impres- 
sive finding. 


Operative Procedure 

Three of the four instances of permanent renal damage 
occurred among ten patients who survived abdominal 
surgery. This group of patients is also the oldest in our 
series (mean age 62.1 years), in spite of two premature 
babies who were also included. It is difficult to conceive 
how the type of surgery, alone, could prevent complete 
functional recovery. It is more likely that the failure for 
this group of patients to recover normal function ts de- 
pendent on their age. 


Anesthesia 

Two of the four patients who did not recover from their 
acute renal failure had methoxyflurane (Penthrane) anes- 
thesia, and two had halothane (Fluothane) anesthesia. 

Acute postoperative renal dysfunction has been attrib- 
uted to methoxyflurane anesthesia in at least 104 pa- 
tients, 31 of whom died.2*!? Most patients had a polyuric 
type of renal dysfunction but a smaller number developed 
oliguria that required hemodialysis treatment. Most pa- 
tients had only transient renal abnormalities but at least 7 
failed to recover normal renal function. Chronic renal 
failure following methoxyflurane anesthesia seems to 
represent a separate syndrome, but methoxyflurane was 
used only in two of our four patients. Two possible 
mechanisms of methoxyflurane nephrotoxicity have 
been proposed, related to fluoride and oxalic acid re- 
spectively, thought to be metabolities of methoxy- 
flurane.!?23 

Halpren et al. report that an autopsy examination re- 
vealed extensive oxalate deposition in a patient who had 
died with renal failure after 14 months of hemodialysis.” 
A similar finding was noticed in the microscopic pathol- 
ogy of our Patient | (Fig. 2). 

In patients with metabolic disorders leading to in- 
creased oxalate production, renal insufficiency develops 
slowly, but acute poisoning with oxalic acid can induce 
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prolonged acute renal failure.” Cases of prolonged renal 
failure after methoxyflurane anesthesia may thus be a 
reaction to oxalate crystals with interstital fibrosis." To 
our knowledge there have been no reports of nephro- 
toxicity following halothane anesthesia. 


Nephrotoxic Antibiotics 

All of our patients received antibiotics that have been 
associated with renal failure. Patients |, 2 and 4 received 
cephalothin immediately after their operation. Although 
cephalothin does not appear to be toxic in healthy kid- 
neys, several cases of aggravation of pre-existing im- 
paired kidney function have been attributed to its 
use. 7719-26 

Gentamicin was used in two of four patients (Cases 2 
and 4): one patient (Case 2) received it repeatedly. Be- 
cause gentamicin is usually given to only severely ill 
patients it is difficult to make a conclusion regarding its 
clinical nephrotoxicity ?! These same two patients (Cases 
2 and 4) also received cephalothin therapy. There are 
several reports of enhanced nephrotoxicity when 
cephalothin and gentamicin are used concomitantly. 

Ampicillin and methicillin, used in 2 of our patients 
(Cases 2 and 3), have both been associated with acute 
and chronic renal failure. + Chlorampenicol was used 
in Patients 2, 3 and 4 but we know of no reports associat- 
ing it with nephrotoxicity. It has also been suggested that 
certain antibiotics potentiate the nephrotoxicity of 
methoxyflurane ?!' ^! 


Sepsis 

Infection plays a dominant role in the outcome of pa- 
tients with reversible intrinsic renal failure. Montgomery. 
Kalmanson and Guze? recognized infection as the most 
common cause of death in oliguric patients. They calcu- 
lated that 2296 of the patients with traumatic or surgical 
renal failure died from an infection that was introduced at 
the time of injury or developed after admission to the 
hospital. 

In the Kennedy report.’® sepsis was either present 
before the onset of acute renal failure or it developed 
during the acute phase. Kennedy considered sepsis to be 
the major cause of death in 2596 of the surgical and 
traumatic group. 

All of our four patients with irreversible damage had 
positive urine cultures at one time during their postopera- 
tive course, and three of them had documented sep- 
ticemia. 

To our knowledge, no data are available on the nega- 
tive effects of sepsis on the reversibility of acute tubular 
necrosis, however, it is possible that acute pyelonephritis 
contributed to the destruction of kidneys in our patients. 


Conclusion 


With the exception of the few cases of irreversible 
renal failure following methoxyflurane anesthesia, none 





of the factors discussed in this paper seem to be respon- 
sible, alone, for irreversible acute renal failure. It is more 
likely that a conglomerate of factors existed. For exam- 
ple, all of our patients were in the older age range and had 
urinary tract infections. Patient 1 was exposed to both 
methoxyflurane and cephalothin. Patient 2 received 
cephalothin, and repeated treatments with gentamicin 
and ampicillin. Neither of these patients ever regained 
enough kidney function to allow them freedom from 
dialysis. Patient 3 received methoxyflurane anesthesia, a 
unilateral nephrectomy, methicillin and ampicillin. Pa- 
tient 4 was treated with a combination of cephalothin and 
gentamicin after renal failure became apparent. The latter 
two patients were left with severe renal failure, but they 
did not need continued dialysis. 

However, what specifically inhibited the regenerative 

capacity of the kidneys in these particular patients re- 
mains unclear because other patients with similar opera- 
tions, age, septicemia, complications and drug treatment 
have had adequate and prompt recovery. 
To our knowledge, only two comparable cases have 
previously been reported. Levin et al.? described one 
case of prolonged renal insufficiency, accompanied by 
severe complications, and one of 5 patients described by 
Siegler and Bloomer?? had a similar course. 
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Most Tumors are easily Recognized 
through the Sigmoidoscope! 


...Dut you have to be able to see them, first. 


Fleet Enema helps you see them 


Spiro’ asserts that “Unless 
there is some contraindication, 
such as fulminant or bloody 
diarrhea, the bowel should be 
thoroughly cleaned before the 
examination.” 

"Many different preparations 
can be used,” he goes on to say, 
"ranging from the old-fash- 
ioned saline enema to a com- 
mercially prepared phospho- 
soda enema..." and “...in the 
properly prepared bowel the 
entire sigmoidoscopic examina- 
tion can be completed within 
three minutes.’”’ 

Gentle, thorough, thoroughly re- 
liable FLEET ENEMA produces 
a clean, relaxed and mucus-free 
bowel in about ten minutes.’”? 


e Works rapidly, usually within 
2 to 5 minutes 


e Cleanses the left colon and 
rectum; spares upper portions 
of the GI tract 


e Ready to use, easy to use, 
completely disposable 


@ Unique construction regulates 
flow; prevents leakage and 
reflux 


e Soft, anatomically-correct pre- 
lubricated rectal tip helps avoid 3. 


injury to bowel wall 


1 


e 


Contraindications: Do not use when 
nausea, vomiting, or abdominal pain is 
present. Warnings: Frequent or pro- 
longed use of enemas may result in 
dependence. Take only when needed 
or when prescribed by a physician. 
Precautions: Do not administer to chil- 
dren under two years of age unless 
directed by a physician. 
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Before sigmoidoscopy 


Fleet: Enema 


produces a clean, 
relaxed, 
mucus-free bowel 
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Bacteroides 


may be implicated 

in a number of clinical situations, 

including ... 

e septic abortions 

e deep wounds 

e bacteremia 

e metastatic or other abscesses in association 
with thromboembolic phenomena 


Sensitivity testing is always Under normal conditions, bacte- 
recommended prior to instituting roides are benign. But in infectious 
therapy with Chloromycetin situations they can be extremely 
(chloramphenicol). However, in virulent. 
some situations, it may be neces- | Fortunately, most bacteroides 
sary to administer Chloromycetin | infections are susceptible to 
before sensitivity tests have been Chloromycetin (chlorampheni- 
completed. col) therapy. Yet, all too often their 
presence goes undetected. So 
Bacteroides are the most prevalent today, many authorities recommend 
microbial flora of man. They are early—and vigorous—treatment 
anaerobic, aero-intolerant, non- with Chloromycetin when the 
sporeforming, nonmotile, gram- clinical impression suggests that a 
negative bacilli. They most often Bacteroides infection is present. 
appear in mixed infections, and are Chloromycetin must be used only 
highly opportunistic. Further, they in those serious infections for 
are very difficult to culture. which less potentially dangerous 


drugs are ineffective or 
contraindicated. 


But when bacteroides are impli- 
cated, Chloromycetin (chloram- 
phenicol) therapy may well be the 
conservative course. For, in such 
situations, the benefits-to-risk ratio 
with Chloromycetinis very favorable. 


See next page for full prescribing 
information. 





Bacteroides.. 


often an indication for 


CHLOROMYCETIN 


(chloramphenicol) Sodium Succinate 
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Prescribing information--Chioromycetin 
(chloramphenicol) Sodium Succinate 
For intravenous administration 



































asias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to aa vun 

i n addi- 















attributed to chioramphenicol 

nated in leukemia. Blood dyscrasias have Oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 
agents will be effective, as described in the 
indications section. it must not be used in the 
treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 

































































































































IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chloramphenicol is readily absorbed 
and adequate blood tevels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 

dium succinate should be changed to the oral form 
as soon as practicable. 


DESCRIPTION 


Chloramphenicol is an antibiotic that is clinically use- 
ful for, and should be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 mi of a 10% solution} of chloram- 
phenicol sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium, 

ACTIONS AND PHARMACOLOGY 

in vitro chioramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the Iymphogranuloma-psittacosis group, and Vibrio 
cholerae. |t is particularly active against Salmonella 
typhi and Hemophilus influenzae. The mode of action 
is through interference Of inhibition of protein Syn- 
thesis in intact cells and in cell-free systems. 

Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. in controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/mi 
one hour after the first dose. A cumulative effect gave 


— 


48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 68% to a 
high of 99% over a three-day period. From 8% to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologicaliy active free form. Despite the 

i of unchanged drug excreted in the 
the concentration of free chloramphenicol is 
relatively high, amounting to severa! hundred mcg/mi 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal! fluid. Chioramphenicol en- 
tars cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
aiso detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 


concentration 
in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this indications section, chloramphenicol must be 
s infections for which less 
ineffective or con- 
chloramphenicol may be 
the clinical 
f the conditions below is be- 
ensitivity tests should 


chioramphenico! rather 


in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 


1. Acute infections caused by S typhi* 
it is not recommended for the routine treatment of 
the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 
accordance with the concepts expressed above. 
a) Salmonella species 
b) H influenzae, specifically meningeal infections 
c) Rickettsia 
d) Lymphogranuloma-psittacosis group 
e) Various gram-negative bacteria causing bacte- 
remia, meningitis, or other serious gram-negative infec- 
tions 
f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 
HEREDES Ba RECIEN 
žin the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 


to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chioramphenicoi Is contraindicated in individuais with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. It must not be used in the treatment ot trivial 
infections or where it is not indicated, as in colds, in- 
Huenza, infections of the throat; of as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression, 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4 Excessive blood levels may result from administra- 
tion. of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
centai barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
ed carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptibie organ- 
isms, including fungi. H infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 

1. Blood Dyscrasias 

The most serious adverse affect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia of hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

À reversible type of bone marrow depression, which 
is dose-related, may Occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
ceils, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the tota! number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

in a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels, 

There have been reports 
buted to chloramphenicol 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 
2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
4. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chioramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. if 
this occurs, the drug should be promptly withdrawn. 


of aplastic anemia atiri- 
which later terminated in 





Reactions 
and vesicular rashes, angioedema, 
urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. "Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 

a) In most cases, therapy with chloramphenicol had 

been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 
(1) abdominal distension with or without emesis; 
(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, shouid be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasibie, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood leveis are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

intravenously as a 10% (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 mi of an aqueous dHuent 
such as water for injection or 595 dextrose injection. 


Ad DOSAGE 


uits 
Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. in exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage Up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.) Precise con- 
trol of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 
Children 

Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood levels in the range effec- 
tive against most susceptible organisms. Severe infec- 
tions (eg, bacteremia Or meningitis), especially when 
adequate cerebrospinal fluid concentrations are desired, 
may require dosage up to 100 mg/kg/day; however, it is 
recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under Adverse 
Reactions.) 


4. Hypersensitivity 


hour intervals usually produces and maintains concen- 


infections for which the drug is indicated. Increased 
dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of life, full-term infants ordinarily 
may receive up to a tota! of 50 mg/kg/day equally di- 
vided into four doses at six-hour intervals. These dosage 
recommendations are extremely important because 
blood concentration in all premature infants and full- 
term infants under two weeks of age differs from that 
of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and 
the kidneys. 

When these functions are immature (or seriously im- 
paired in adults), high concentrations of the drug are 
found which tend to increase with succeeding doses. 


infants and Children with immature Metabolic Proc- 
esses 

In young infants and other children in whom imma- 
ture metabolic functions are suspected, a dose of 25 
mg/kg/day will usually produce therapeutic concen- 
trations of the drug in the biood. in this group par- 
ticularly, the concentration of the drug in the blood 
should be carefully followed by microtechniques. (in- 
formation available on request.) 


HOW SUPPLIED 


NDC 0071-1089-10 (Steri-Vial® No. 57) 

Chioromycetin (chloramphenicol) Sodium Succinate 
is supplied as a dried powder in Steri-Vials (rubber- 
diaphragm-capped viais). When reconstituted as di- 
rected, each vial contains a sterile solution equiva- 
lent to 100 mg of chioramphenico! per millifiter 
(1 g/10 ml). Available in packages of 10 vials. 
CHLOROMYCETIN, brand of chioramphenicol. Reg 
US Pat Off RJ 
PD-JA-1280-2-P (2-75) 


PARKE, DAVIS & COMPANY, Detroit, Michigan 48232 
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the solution: 


to relieve discomforts associated with acute, 


At work sit in straight chair with 

firm back .. . knees higher than 
hips. Prop feet on small footstool to 
elevate knees. Don’t sit in over- 
stuffed furniture. Never sit long in 
one position. . . get up frequently and 
move around. Exercise regularly to 
strengthen abdominal and low-back 
muscles and help prevent weekend 
flare-ups. Avoid sudden spurts of 
vigorous physical activity. A back 
support can help relieve pain and 
fatigue. 


painful musculoskeletal disorders... 


ROBAXIN-750 


methocarbamol 


the Robaxin Regimen: 


Complete bed rest on a very firm mattress 
is usually indicated in the home treat- 


ment of acute low-back discomfort. 
Have patient insert section of ply- 
wood '2-%4" thick between 
mattress and box springs. 

The use of moist heat is 

often very beneficial. 


Robaxin-750 is often indicated to 
relieve the discomforts associated 
with acute, painful musculoskeletal 
disorders. It is a well tolerated agent 
which can provide significant 

relief, usually without serious 
adverse reactions. 


750 mg. capsule- 
shaped tablets 


Indications: 

As an adjunct to rest, physical therapy, and other 
measures for the relief of discomforts associated 
with acute, painful musculoskeletal conditions. 
The mode of action of this drug has not been 
clearly identified, but may be related to its sedative 
properties. Methocarbamol does not directly relax 
tense skeletal muscles in man. 


Contraindications: 
Robaxin is contraindicated in patients hyper- 
sensitive to any of the ingredients. 


Warnings: 

Safe use of Robaxin has not been established with 
regard to possible adverse effects upon fetal 
development. Therefore, Robaxin should not be 
used in women who are or may become pregnant 
and particularly during early pregnancy unless in 
the judgment of the physician the potential 
benefits outweigh the possible hazards. 


Precautions: 
Safety and effectiveness in children below the age 
of 12 years have not been established. 


It is not known whether this drug is secreted in 
human milk. As a general rule, nursing should not 
be undertaken while a patient is on a drug since 
many drugs are excreted in human milk. 


Methocarbamol may cause a color interference in 
certain screening tests for 5-hydroxyindoleacetic 
acid (5-HIAA) and vanilmandelic acid (VMA). 


Adverse Reactions: 

Lightheadedness. dizziness, drowsiness. nausea, 

allergic manifestations such as urticaria, pruritus. 

rash, conjunctivitis with nasal congestion, blurred 
vision, headache. fever. 


Dosage and Administration: 
Initial dosage, 2 tablets q.i.d.; maintenance 
dosage, 1 tablet q.4h. or 2 tablets t.i.d. 


Six grams a day are recommended for the first 48 
to 72 hours of treatment. (For severe conditions 8 
grams a day may be administered.) Thereafter, 
the dosage can usually be reduced to approx- 
imately 4 grams a day. 

Also Available: 


ROBAXIN® (methocarbamol) 500 mg. 


See package insert for full prescribing information. 


A.H. Robins Company, Richmond, Va. 23220 
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Microaggregate 
Blood Filter 


For routine use in transfusion 
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Removes microaggregates 
greater than 20 microns 


In size 
Allows pressure infusion 


at flow rates up to 
100 ml per minute 


Multiple units may be 
infused without 
significant decrease in 
flow rate or 

filtering efficiency 


Ask your Fenwal Specialist for complete details 
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Solitary Bony Metastasis as the First 
Sign of Malignant Gastric Tumor 


Symptomatic solitary bony metastasis as the First sign of 
asymptomatic gastric carcinoma is very infrequent. Only 8 cases 
reported by 7 authors have been found in the literature. Fur- 
thermore, solitary bony metastasis as the sole sign of recurrence 
after hopefully curative resections are so rare that none has been 
previously reported in the literature. Three additional instances 
of solitary and histologically proven osseous metastasis of malig- 
nant gastric neoplasms have been observed and treated at Memo- 
rial Hospital during the years 1949 through 1969, and are 
herewith reported. | 


O TISSUE OR ORGAN is exempt from blood-borne 

metastases of gastric carcinoma. James Ewing," in 
his monograph, Neoplastic Diseases: A Treatise on 
Tumors, states that miscellaneous sites of metastases of 
gastric carcinoma include brain, bones, kidney and ad- 
renal, and spinal cord and membranes. Others including 
Willis?! Anderson, McNeer and Pack" also emphasize 
the rarity of bony metastases from malignant gastric 
tumors even in advanced stages of the disease. For dis- 
tant metastases as the first clinical sign of gastric car- 
cinoma an incidence of 5.496 was reported by LaDue et 
al.? in a series of 1112 patients. None however, pre- 
sented as bony metastasis. 

During the 21 years, 1949 through 1969, three patients 
who were observed and treated at Memorial Hospital 
were found to have not only osseous metastasis of a 
malignant gastric tumor but a solitary osseous metas- 
tasis, presenting as the first sign of tumor or of its recur- 
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rence. Abstracts of these three patients’ clinical course 
follows: 


Case Reports 


Case 1: M. R., a 59-year-old woman, was admitted to Memo- 
rial Hospital on May 7, 1967. Four months prior to admission 
she had noted the onset of pain in the right groin following 
insignificant trauma. Roentgenographic studies revealed an os- 
teolytic lesion in the right pubic bone. An incisional biopsy of 
this lesion elsewhere was interpreted as metastatic adenocar- 
cinoma. 

Thorough investigation in Memorial Hospital, including chest 
x-ray and thoracic tomograms, intravenous pyelogram. barium 
enema, G.I. series, mammography, liver scan and multiple 
urine and sputum cytologic analyses failed to reveal the primary 
site. The combined blastic and lytic lesion of the right pubic 
bone was again noted (Fig. 1) and was also identifiable by bone 
scan. Review of the biopsy material was interpreted: Metas- 
tatic adenocarcinoma; favor lung as primary site; would then 
consider GI tract and breast in that order of preference” (Fig. 
2). A non-specific stellate density, seen in the mammogram of 
the right breast, was biopsied and several other random biop- 
sies of the breast were taken as well. but primary mammary 
carcinoma was not demonstrated. 

Radiation therapy, employing 250KV technique, was ad- 
ministered to the known lesion of the right pubic bone: and the 
patient was placed empirically on oral androgen therapy in the 
belief that an occult mammary carcinoma existed. 

The patient did well for two months. In August 1967 she first 
noticed some epigastric discomfort and anorexia. Repeat G.I. 
series performed in October 1967 revealed an extensive 
polypoid and ulcerating tumor of the body of the stomach. 
Gastric cytology revealed "several clusters of suspicious glan- 
dular cells." A repeat skeletal survey did not show any new 
osseous lesion. Surgical exploration of the abdomen on October 
24. 1967 revealed an extensive carcinoma involving stomach. 
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Fic. 1. (M.R.) X-ray of pelvis: Combined blastic and lytic lesion of the 
superior ramus of the right pubic bone. 


pancreas, and adjacent lymph nodes, with metastases to both 
lobes of liver and to omentum. Suitable biopsies were sub- 
sequently reported as ‘‘Adenocarcinoma consistent with 
pancreato-biliary origin with stomach as next possibility." 
Radiation therapy employing *"Co technique was administered 
to the upper abdomen for a total dose of 4600r delivered in 5 
weeks. 

The patient received little benefit from this therapy, her con- 
dition steadily deteriorated, and she died on June 7, 1968. 
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COMMENT: Solitary symptomatic bony metastasis as the 


first sign of gastric carcinoma. 


Case 2: W. D., a 72-year-old caucasian man, was admitted to 
Memorial Hospital on September 21, 1969 with a history of 
progressive dysphagia and a 10 pound weight loss. Roentegeno- 
graphic studies prior to admission had revealed a partially 
obstructing lesion involving the distal 10cm of the esophagus. 

Physical examination was unremarkable. Esophagoscopy on 
September 29, 1969 revealed a granular obstructing lesion 37cm 
from the upper alveolar arch and biopsy of this tissue was 
reported as adenocarcinoma. 

On September 30, 1969, through a thoraco-abdominal ap- 
proach, resection of the distal half of esophagus, upper half of 
stomach, spleen, a portion of diaphragm and the greater omen- 
tum was performed. After a very stormy postoperative course 
the patient was discharged on 54th postoperative day. Patholog- 
ical study of the resected specimen showed adenocarcinoma 
grade II with focal epidermoid metaplasia arising in stomach at 
the gastroesophageal junction. 

The patient did well for next 7 months. He then noticed a 
mass in the left hip with local pain and difficulty in locomotion. 
This mass measured 8 x 8 cm, was tender and fixed to the lateral 
aspect of the wing of the left ilium (Fig. 3). Aspiration biopsy of 
this mass was reported to show fragments of carcinoma similar 
to previously resected gastric tumor (Fig. 4). 

Subsequent chest roentgenograms disclosed multiple nodules 
in both lung fields, suggestive of metastatic disease. The patient 
developed dyspnoea rather abruptly and required tracheos- 
tomy. There was rapid progression of the lung lesions, the 
patient's condition worsened and he expired on July 5, 1970. At 
autopsy metastases involving both lungs, gastroduodenal and 
pulmonary hilar nodes were found. The liver and the rest of the 
skeleton were free of metastatic disease. 


Fics. 2 a and b (M.R.) (left) 
Incisional biopsy from the 
superior ramus of the right 
pubic bone showing metas- 
tatic adenocarcinoma 
(x230). (right) Primary 
gastric adenocarcinoma 
(x 230). 
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Fic. 3. (W.D.) Lytic lesion in the wing of the left ilium. Arrows deliniate 
the extent of the lesion. 


COMMENT: Solitary symptomatic bony metastasis as the 
first sign of recurrence of gastric adenocarcinoma. 

Case 3: A. J., a 60-year-old man, first experienced melena in 
1944. A diagnosis of gastric ulcer was made at another hospital 
and under dietary management he did well until 1948 when 
melena recurred. Exploratory lapratomy on June 10, 1948 re- 
vealed an *'inoperable" carcinoma of the cardia of the stomach. 
Biopsy of this tumor however revealed a low-grade leiomyosar- 
coma. The patient was ultimately admitted to Memorial Hospi- 
tal and on March 21, 1949 underwent total gastrectomy, 
splenectomy and distal pancreatectomy through a thoraco- 
abdominal approach. His postoperative course was stormy, 
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Fics. 4 a and b (W.D.) (left) 
Metastatic adenocar- 
cinoma (X93): aspiration 
biopsy from the wing of the 
left ilium. (right) Primary 
gastric adenocarcinoma 
(X 140) previously resected. 
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complicated by a left empyema which required thoracotomy 
with drainage and subsequent decortication. He was discharged 
improved on May 1, 1949. 

He was readmitted in August 1949 because of loss of weight 
and anorexia. A mass was felt in the mid-abdomen. Resection 
of this mass, which involved multiple loops of small bowel, was 
carried out with suitable anastomosis. The resected specimen 
did not show tumor. Convalescence was complicated by de- 
velopment of fecal fistula and subsequent to this an acute 
myocardial infarction. While still hospitalized the patient inad- 
vertently fell and sustained a fracture of the upper left femur 
(Fig. 5) which was treated in balanced traction suspension for 7 
weeks. Aspiration biopsy of fracture site showed metastatic 
leiomyosarcoma, similar in histological picture to the gastric 
primary (Fig. 6). The patient’s further course was downhill and 
he expired on January 27, 1950, 10 months after the initial 
resection. 

Autopsy revealed recurrent gastric leiomyosarcoma in the 
region of the tail of the pancreas with metastases to liver and 
lungs. Except for the pathological fracture site no other bony 
metastasis was found. 

COMMENT: Solitary bony metastasis presenting as a 
pathological fracture as the first sign of recurrence of gastric 
leiomyosarcoma. 

Discussion 


It has already been stated that osseous metastases 
from primary gastric neoplasms are uncommon, and it is 
probable that solitary osseous metastasis from this 
source is quite rare. Willis? however states that it is 
probable that bony metastases from gastric carcinoma 
occur more often than is actually demonstrated by x-ray 
examination. He explains this as due to impracticality of 
total skeletal study at necropsy. McNeer and Pack!? be- 
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Fic. 5. (A.J.) Pathological fracture 
left upper femur. 





lieve that the incidence is directly proportional to the 
assiduity of search. The incidence of osseous metastases 
from gastric carcinoma, as variously reported varies from 
0 to 17.5% (Table 1). Higginbotham and Marcove!! from 
the bone tumor registry of Memorial Hospital found 1800 
instances of osseous metastases in 6,842 patients re- 
corded from 1931 to 1964, in which 191 had pathological 
fractures, but none from gastric carcinoma. 

In gastric carcinoma hepatic metastases occur fre- 
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TABLE 1. Incidence of Osseous Metastasis in Gastric Carcinoma 


Number of % of 
Author & year Cases Metastasis Comment* 
Jenkinson, 1923” — 00.00 
Moore, 1919!? 0/1600 00.00 
Winiwarter, 1932?? 0/903 00.00 
Copeland, 19317 7/537 1.30 
Bertin, 1944* 1/75 1.33 
Lawton, 1938!5 3/606 2.02 Autopsy 
Warwick, 192879 4/176 2.20 Autopsy 
Kerr & Berger, 1935" 3/123 2.40 
Stein, 1939 9/340 2.65 
Willis, 1960?! — 5-10 Autopsy 
Walther, 194875 — 7.00 Autopsy 
Ackerman & Spjut, 1962! — 11.00 Autopsy 
Stout & Horn, 1943? -/368 11.20 aia 
Donn & McNeer, 1967? 14/80 17.50 Autopsy 





*Clinical series except where otherwise stated 
**Clinical and autopsy material 


quently and early, pulmonary metastases seldom and 
late, and bony metastases very rarely. The development 
of skeletal metastases is believed to occur as a discon- 
tinuous, hematogenous process. In abdominal cancer the 
liver serves as the first filter to tumor emboli from the 
primary site. Hepatic metastases once established may 
send tumor emboli to the second filter, the lungs. It is 
possible that the hepatic filter may be by-passed via the 
thoracic duct. However, once the pulmonary bed is 
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Fics. 6 a and b (A.J.) (left) 
Aspiration biopsy from left 
upper femur showing 
metastatic leiomyosar- 
coma (x120). (right) Rep- 
resentative section of pre- 
viously resected gastric 
leiomyosarcoma (x120). 
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TABLE 2. Summary of Previously Reported Cases of 


aa of Gastro-intestinal Tract; Report of Three Cases. Am. J. 
Solitary Metastasis of Gastric Carcinoma 


Roentgenol. Radium Ther. Nucl. Med., 51: 614-622, 1944. 

5. Bockus, H. L.: Gastroenterology. Volume |, 2nd. Ed., Philadel- 
phia and London, W. R. Saunders Co., 1963; p. 758. 

. Catone, G. A. and Henny, F. A.: Metastatic Adenocarcinoma of 
Mandible: Report of a Case. J. Oral Surg.. 27: 36-40, 1969. 

. Copeland, M. M.: Skeletal Metastases Arising from Carcinoma and 
from Sarcoma. Arch. Surg., 23: 581-654, 1931. 

. Debernardi, G., Roccia, L. and Guasta, G.: A Case of Precocious 
Mandibular Metastasis from Initially Silent Gastric Adenocar- 


Age & Bone 
Author & Year Sex involved 


Histological 
Diagnosis 


. Tiling, 190875 — Humerus — 

. Konjentzny, 1938" Elderly, F | Os calsis Adenocarcinoma 
" 1938 Elderly, M Humerus Adenocarcinoma 

. Barclay, 1940 34, M Left clavicle Adenocarcinoma 

. Bertin, 1944 70. F Left tibia Adenocarcinoma 


. Bockus, 1963? Thirties, M Vertebra L4 Not mentioned 
. Catone & Henry, 

19695 52. M 
. Debernardi et al., 

1969 55,M 


seeded there would seem to be limitless possibilities to 
the number and location of metastases via the systemic 
circulation. It is curious however that metastases from 
gastric carcinoma are found much less frequently in lungs 
and beyond, than are metastases from colon carcinoma. 
Schinz et al.” stated that the tumor emboli of both 
adenocarcinoma and leiomyosarcoma are clumps of 
cells, rather than individual cells, and as such have a 
greater chance of being trapped in the first filter. 

A solitary skeletal metastasis can easily be mistaken 
for a primary bone tumor. Schinz et al.” stated, '' After 
age 40 every bone tumor must first be approached as a 
metastasis as long as contrary can't be proved.” Walth- 
er? in a study of 2088 autopsies in patients with poten- 
tially metastasizing tumors, stated, ''Bony metastases in 
the pelvic girdle almost exclusively present as part of 
generalized skeletal carcinomatosis; rarely as a bizarre 
solitary metastasis’’. Interestingly enough in two of our 
cases the solitary metastasis was in the pelvic girdle, one 
in the pubic bone and the other in the ilium. Crest of ilium 
is said to be a favorite site in this bone.” The predilection 
of metastatic disease for the flat bones compared to long 
bones?! is said to be due to prevalence of red mar- 
row 21:26:27 

Previously reported cases of solitary osseous metas- 
tasis are summarized in Table 2. Case | presents an 
example of symptomatic solitary bony metastasis as the 
first sign of gastric adenocarcinoma. Case 2 provides an 
example of solitary symptomatic bony metastasis as the 
first sign of recurrence of gastric adenocarcinoma. Case 3 
is similar to Case 2 except that the primary lesion was a 
leiomyosarcoma. 
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Effect of Low Dose Intra-arterial Reserpine on 


PUAPII IUDAIS U DIIYANI 
SOO IO NE Dt no MIS EEEREN RMU ANION pt 


Vascular Wall Norepinephrine Content 


JOHN M. PORTER, M.D., CAROLYN G. REINEY, M.A. 


A number of reports in recent years have indicated that the 
administration of low dose intra-arterial reserpine has resulted in 
significant clinical improvement in patients with symptomatic 
vasospasm, with the benefits presumably resulting from regional 
vascular wall norepinephrine depletion with resultant vasodilata- 
tion. However, to date, there has been no evidence that such low 
dose reserpine actually alters vascular wall norepinephrine con- 
tent. This study was performed to determine both regional and 
systemic effects of low dose intra-arterial reserpine on vascular- 
wall norepinephrine content, and the duration of any alterations. 
Twenty-four mongrel dogs had vascular segments excised and 
assayed for norepinephrine content, before and for up to 4 weeks 
following a single injection of reserpine, 0.01 mgm/kg, into one 
femoral artery. The results indicate a pronounced norepinephrine 
depletion in the injected femoral arterial system, with the reduc- 
tion persisting for 2-4 weeks, at which time complete norepineph- 
rine recovery occurred. The visceral vessels sampled also 
showed considerable norepinephrine depletion, indicating sys- 
temic spill-over of the drug from the injected peripheral arterial 
tree. The visceral vessels, however, showed maximal depletion at 
24 hours, with recovery by 7 days. 


HE RAUWOLFIA ALKALOID reserpine causes a sig- 

nificant reduction in both cardiac and arterial wall 
norepinephrine content." The drug also has a central 
effect resulting in a reduction in sympathetic tone.’ Re- 
serpine has proved to be an effective anti-hypertensive 
medication, and one which has been widely used clini- 
cally by both the parenteral and oral routes. 

A new use for reserpine was suggested by Abboud and 
associates in 1967, when they reported prolonged 
symptomatic relief in patients with Raynaud's phenome- 
non following the single intra-arterial injection of a low 
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dose of reserpine! with the beneficial effects presumably 
deriving from arterial wall norepinephrine depletion with 
subsequent vasodilatation and increased blood flow. 
Other investigators have reported similar improvement in 
patients with both Raynaud's disease and phenomenon 
following single low-dose intra-arterial reserpine injec- 
tions.??!2? The reported duration of improvement has 
been variable, but has averaged about two weeks. A 
recent report indicated no benefit of reserpine over 
placebo injection when assayed at one month.!? 

To date several important questions concerning the 
intra-arterial use of reserpine have not been answered. 
There is no reported information that single low-dose 
intra-arterial reserpine injections actually reduce vascu- 
lar wall norepinephrine content. All animal studies 
documenting the ability of reserpine to reduce vascular 
wall norepinephrine have used high doses of reserpine, 
usually repetitiously, administered by the oral, in- 
tramuscular, or intra-peritoneal routes. In addition, the 
duration of vascular wall norepinephrine depletion fol- 
lowing a single injection of intra-arterial reserpine is un- 
known, as is the effect of reserpine so administered on 
blood vessels remote from the local region of injection. 
This study was undertaken in an effort to answer these 
questions. 


Methods 


Twenty-seven mongrel dogs were used in this study. 
The following vascular segments were excised im- 
mediately after a lethal dose of sodium pentobarbital: 
common femoral, superficial femoral and popliteal ar- 
teries, common femoral vein, inferior vena cava, abdom- 
inal aorta, superior mesenteric artery, portal vein and 
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thoracic aorta. The samples were all immediately frozen 
in liquid nitrogen and refrigerated. Within one to 4 weeks 
the samples were thawed, weighed, and assayed 
fluorometrically for catecholamines using a modification 
of the technique of Anton and Sayre? Norepinephrine 
was absorbed on alumina columns and eluted with 0.15 N 
HCIO,. Three nanograms oftritiated norepinephrine were 
added to each homogenized tissue sample and a portion 
of the final column eluate was counted in a liquid scintil- 
lation counter to determine norepinephrine recovery. 
Oxidation of norepinephrine was performed with potas- 
sium ferricyanide followed by rearrangement in 
alkaline-ascorbate to the trihydroxyindole derivatives 
which were quantitated in an Aminco-Bowman spectro- 
fluorometer with excitation at 409NM and emission at 
519NM. No tissue samples were assayed with a weight 
less than 100 mgm. The norepinephrine content of each 
sample measured fluorometrically was corrected for in- 
dividual column recovery rates. 

Portions of vascular segments from each collection site 
were observed for histochemical fluorescence of 
adrenergic innervation by the method of Falck." The tis- 
sues were observed with a large Zeiss fluorescence mi- 
croscope using a model II fluorescence illuminator and a 
dry, dark-field condenser system. An HBO 200 mercury 
vapor lamp, a 3 mm BG 12 excitation filter, and a yellow 
500 NM barrier filter were used for the production of 
fluorescence. Photomicrographs were taken at low 
power using a Zeiss-Ikon camera and Kodak Tri-X film. 

Six dogs had leg vascular segments excised im- 
mediately after sacrifice with pentobarbital for control 
norepinephrine assay. Three of these dogs had the vis- 
ceral vascular segments previously named excised for 
control determinations. Eighteen dogs had vascular seg- 
ments excised after a single femoral artery injection of 
reserpine, 0.01 mgm/kg. The reserpine was diluted in 2 ml 
of saline and injected directly into the exposed femoral 
artery under light pentobarbital anesthesia using a 27 
gauge needle. Vascular segments were excised from 
three dogs immediately after sacrifice with pentobarbital 
at each of the following time intervals following injection: 
30 minutes, 3 hours, 24 hours, 7 days, 14 days, and 28 
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days. A final 3 dogs received an intramuscular injection 
of reserpine 0.01 mg/kg daily for four days, followed by 
excision and assay of vascular segments on day seven in 
order to compare the effect of the route of reserpine 
administration on vascular wall norepinephrine altera- 
tions. 


Results 


The column recovery rates of tritiated norepinephrine 
ranged from 50% to 70% varying generally with the 
weight of tissue sample assayed. The addition of larger 
quantities of exogenous norepinephrine (500 nanograms) 
consistently produced column recovery rates in excess of 
90%. The alterations in vascular wall norepinephrine 
content in the vessels from the injected leg are shown in 
Table 1. The arterial segments all showed decreased 
norepinephrine content within 30 minutes after reserpine, 
with the maximal reduction achieved at 2 weeks. Recov- 
ery of norepinephrine was complete by 4 weeks following 
injection. The femoral vein showed no alteration in 
norepinephrine content. The maximum per cent decrease 
for the common femoral, superficial femoral and pop- 
liteal arteries was 67%, 42%, and 79% respectively. 

The norepinephrine values for the visceral vessels and 
the contralateral leg are shown in Table 2. The per cent 
reduction in norepinephrine content ranged from 30% for 
the superior mesenteric artery to 64% for the portal vein. 
Maximal norepinephrine depletion occurred at 24 hours. 
with recovery by 7 days. The norepinephrine content of 
the femoral artery and vein from the non-injected leg 
showed no significant alterations from control. 

The time of maximal decrease in norepinephrine con- 
tent and the percentage decrease from control values are 
shown in Table 3. Intra-muscular reserpine in the dose 
used had no consistent effect on vascular wall 
norepinephrine. The only vessel showing a significant 
reduction in norepinephrine following intramuscular re- 
serpine was the thoracic aorta. 

The microscopic slides were examined qualitatively for 
catecholamine fluorescence. No effort was made to ob- 
tain semi-quantitative node counts. The amount of 
fluorescence was graded quantitatively by a single ob- 


TABLE l. Norepinephrine Content in ugmigm Mean + SEM 


Control 30 min 3 hrs 


Common 
femoral artery aye . s .20 
Superficial 
femoral artery JA x. , .35 3. 
Popliteal artery 96 +. 2,70 + .29 2. 
Common 
femoral vein 


4.8] + 


46 
72 


3.32 + .78 2.45 


24 hrs 7 days 


2.01 1.07 1.85 + .76* 


1.83 + .99* 
0,85 + .34* 


1.87 + 34 


The values are from the injected leg at varying time intervals following the injection of reserpine 0.01 mgm/kg into the femoral artery. 


*P= 0.05 compared to control. 












































































































































TABLE 2. Norepinephrine Content in 
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Control 30 min 3 hrs 24 hrs 7 days 14 days 28 days 

Superior Mesen- 

teric artery 1.90 + .47 321 76 2.68 + .06 1.07 + .21 2.58 4.32 3.28 + .88 3.10 + .16 
Abdominal aorta ]32 -*..27 1.02 + .16 1.65 + .22 88 + .35 1.94 + .51 1.36 + .16 89 + .01 
Thoracic aorta .97 + .04 1.49 + .18 LOL + .12 43 + ,07* 84 + .10 1.05 + .18 1.32 + .08 
Inferior 

vena cava 2.13 + .08 3.31 + .45 2.46 + 82 1.49 + 30° 2.91 + 57 1.89 + .18 1.97 + .05 
Portal Vein 2.66 x 27 2.34 + .21 2.12 + .08 97 + .02* 2.38 + .84 1.61 + .22 2.87 + .07 
Femoral artery 3.14 + .42 2.85 + BI 2.92 + .18 2.44 + .80 LN 2.92 + .03 2.14 + .23 
Femoral vein 2.65 5 .34 2.11 + .30 3.85** 2.40 £1.40 3.30 +1.20 2.76 + .34 2.98 + .41 














The values are from the visceral and contralateral femoral vessels fc 


*P= 0.05 compared to control. 
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flowing unilateral femoral artery injection with reserpine 0.01 mg/kg. 


*"One value only determined for this time period. The other samples were too small for assay. 


server without knowledge of the collection sequence for 
the particular sample, with every specimen graded as 
fluorescence normal, reduced, or absent. The gradings 
correlated in every case with the quantitative norepineph- 
rine assay. Sequential photomicrographs of the com- 
mon femoral artery from the side of injection are shown 
in Figs. la, b and c. 


Discussion 


The method of harvesting vascular segments im- 
mediately after animal sacrifice with pentobarbital was 
used after considerable early experience with vascular 
segment harvesting under general anesthesia in living 
dogs. The extensive vascular removal in the living animal 
was frequently associated with considerable blood loss 
and the dissection required several hours. The results of 
vascular wall norepinephrine assays for these animals 
showed a higher control value and a more pronounced 
drop following reserpine, and much wider variations 
from animal to animal, changes likely resulting from 
markedly increased sympathetic nerve activity.2* Recent 
studies have shown very little reduction in vascular wall 


TABLE 3. Average Norepinephrine Alterations Following Intra-Arterial 
Reserpine 











Maximal Time of 
NorEpi Reduction (%) Maximum Decrease 


Vessel 

















———— 


Common femoral 


artery 67 2 wks 
Superficial 

femoral artery 42 2 wks 
Popliteal artery 79 2 wks 
Femoral vein 30 2 wks 
Superior mes- 

enteric artery 44 24 hrs 
Abdomina aorta 33 24 hrs 
Thoracic aorta 56 24 hrs 
Inferior vena 

cava 30 24 hrs 
Portal vein 64 24 hrs 
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norepinephrine when the vessels are removed within 
three hours of death.?* 

The control norepinephrine content of the vascular 
segments in this study are somewhat higher than those in 
several previous studies on dogs.'5?^ In these studies, 
however, very small tissue samples were obtained and 
may have affected the accuracy of the assay. The 
norepinephrine content noted in the present study is very 
similar to results obtained in other animals, including the 
rabbit, rat, and guinea pig.* 

Most vascular wall norepinephrine exists in granulated 
vesicles in the sympathetic nerve endings.” The vesicles 
play an important role in norepinephrine synthesis, stor- 
age, re-uptake following sympathetic nerve discharge, 
and protection from intraneuronal inactivation by 
monamine oxidase. The norepinephrine within the 
granulated vesicles appears to be distributed between at 
least two functional pools, the tyramine releasable Pool 
One and tyramine insensitive Pool Two. Reserpine effec- 
tively depletes most of Pool One and Pool Two 
norepinephrine in sympathetically innervated organs, al- 
though as much as 10% of intraneuronal norepinephrine 
may remain even after prolonged reserpine treatment.^?? 
Two studies describing arterial wall norepinephrine de- 
pletion after short term, high-dose systemic reserpine 
treatment have reported norepinephrine reductions of 
72% and 8296.!*?5 As seen in Table 3, this is similar to the 
per cent reduction noted in the regional arterial bed fol- 
lowing a single, low-dose, intra-arterial reserpine injec- 
tion. 

The actual mechanism of action of reserpine is not fully 
known, but the drug appears to have a direct toxic effect 
upon the intraneuronal, norepinephrine containing granu- 
lated vesicles? Reserpine specifically appears to inhibit 
the re-uptake of norepinephrine into the storage vesicles. 
It also reduces norepinephrine synthesis by preventing 
vesicle uptake of dopamine which is normally converted 

to norepinephrine by the enzyme dopamine-g- 
hydroxylase contained within the vesicle.?? Whatever the 
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Fic. la. Fluorescence his- 
tochemical photomicro- 
graph of the common 
femoral artery before re- 
serpine injection showing 
abundant adrenergic in- 
nervation in the arterial 
wall. 


Fic. 1b. Fluorescence his- 
tochemical photomicro- 
graph of the common 
temoral artery two weeks 
after intra-arterial reser- 
pine 0.01 mgm/kg showing 
a significant depletion of 
arterial wall specific 
monoaminergic fluores- 
cence. 
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exact mechanism of injury, there is abundant evidence 
that the restoration of normal norepinephrine content is 
associated with the synthesis of new granulated vesicles, 
not repair of the old.*:? 

The new vesicles are synthesized in the neuronal cell 
body followed by somatofugal transport along the axons. 
Previous work has shown that the re-appearance of 
norepinephrine following depletion by reserpine is more 
rapid in the nerve terminals of neurons with short axons, 
as compared with those with long axons.?? The findings 
of the present study indicate a much more rapid 
norepinephrine recovery following reserpine depletion in 
visceral vessels as compared with peripheral vessels, in 
keeping with the much shorter axonal length of the sym- 
pathetic neurons innervating the visceral vessels. 

The norepinephrine contents of peripheral arteries 
listed in Table 1 suggest a continuing depletion between 
injection and day 14, although only the 2 week value 
differs significantly from the control. This study does not 
resolve whether the effect of reserpine is immediate or 
cumulative. Recent studies by Maass and associates! on 
the metabolism of tritiated reserpine in man suggest a 
prolonged presence of reserpine following a single ad- 
ministration of the drug. They found two biological half- 
lives of 4.5 hours and 271 hours. The major excretory 
product was trimethoxybenzoic acid, and urinary 
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Fic. Ic. Fluorescence his- 
tochemical photomicro- 
graph of the common 
femoral artery 4 weeks 
after intra-arterial reser- 
pine showing complete re- 
covery of the arterial wall 
adrenergic innervation. 


radioactivity could still be detected after 12 days. Tissue 
assays in animals following the administration of tritiated 
reserpine have revealed a half-life of 18 hours, but the 
drug was still present in tissues at 120 hours when the 
study was terminated ?!7 

The low-dose intramuscular administration of reser- 
pine as used in this study results in little alteration in 
vascular wall norepinephrine content. The reduction in 
arterial norepinephrine following a single low-dose 
intra-arterial reserpine injection is undoubtedly a reflec- 
tion of the much higher reserpine concentration delivered 
to the regional arterial wall. As shown by this study, 
enough reserpine, even in this low-dose range, escapes 
the regional bed of injection to have effects on vessels 
remote from the local site of injection. 

The minimal effect of reserpine upon venous wall 
norepinephrine, except for the portal vein, is of interest. 
It is well known that veins do, of course, possess sym- 
pathetic innervation, although significantly less than that 
of arteries. Veins can be depleted of norepinephrine by 
short-term, high-dose reserpine.! The results of this 
study suggest that veins are less sensitive, however, to 
norepinephrine depletion by low-dose reserpine. 

The reported prolonged beneficial results following the 
intra-arterial use of reserpine in patients with Raynaud's 
disease and phenomenon have been previously cited. 
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Similar results have been achieved following the oral 
administration of reserpine.!? The criteria for clinical im- 
provement have included both the patient's subjective 
assessment of a decreased frequency and severity of 
digital vasospastic attacks, as well as objective evidence, 
of increased digital blood flow as determined by plethys- 
mographic, isotopic, and heat loss measurement 
techniques. Few side effects of reserpine have been 
noted in patients receiving intermittent low-dose intra- 
arterial injections, but fr. quent side effects have been 
noted with chronic higher dose oral reserpine administra- 
tion. The side effects include nasal congestion and in- 
creased gastric acidity as well as severe depressive reac- 
tions and decreased cardiac output.'! The avoidance of 
reserpine side effects would appear to be an important 
consideration since a significant percentage of patients 
with symptomatic vasospasm have associated organic 
cardiac disease. 

The duration of vascular wall norepinephrine depletion 
following low-dose intra-arterial reserpine administration 
correlates reasonably well with the reported duration of 
clinical improvement in the patient series reported, indi- 
cating that regional vascular wall catecholamine deple- 
tion may be responsible for the improvement. 
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with Massive Transfusion: 


Pulmonary Microembolism Associated 


Il. The Basic Pathophysiology of Its Pulmonary Effects 


JOHN BARRETT, M.B.,*t INGEMAR DAWIDSON, M.D.,t 
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In animals pulmonary hypertension, a decrease in total body O, 
consumption and metabolic acidosis occur after transfusion of blood 
with an elevated screen filtration pressure (SFP) through standard 
blood transfusion filters. The purpose of this study was to define in 
detail the pulmonary abnormalities that develop following transfu- 
sion of blood with an elevated SFP through standard blood transfu- 
sion filters. Exchange transfusions of approximately twice blood 
volume were administered through standard commercially availa- 
ble blood transfusion filters (measured pore size—200 microns) to 6 
animals. SFP measurements verified the presence of large numbers 
of aggregates in the transfusions. Although filters reduced SFP of 
the stored blood somewhat, numerous microaggregates passed the 
filters, and post-filtration SFP remained high. After transfusion 
average O, consumption decreased to 77% of normal and metabolic 
acidosis developed. Pulmonary arterial hypertension was as- 
sociated with an increase in pulmonary shunting of blood and a 
decrease in pulmonary diffusing capacity. The presence of extensive 
numbers of microemboli in the pulmonary arteriolar and capillary 
bed was confirmed by microscopic examination of lung tissue. 


LOOD stored under standard blood bank conditions 
develops microaggregates of platelets, white blood 
cells and fibrin (15-18, 24-27). Determination of screen 
filtration pressure (SFP) allows the detection of such 
microaggregates '7/1011-14-16.19.21.24.26 Microaggregates 
may be a factor in the etiology of pulmonary insufficiency 
following blood transfusions.!2:9:5:9.13.17.19.25 
In animals pulmonary hypertension, a decrease in total 
body O, consumption and metabolic acidosis occur after 
transfusion of blood with an elevated SFPthrough standard 
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commercial blood transfusion filters.? The purpose of this 
study was to define in detail the pulmonary abnormalities 
that develop following transfusion of blood with an ele- 
vated SFP through standard blood transfusion filters. 


Materials and Methods 


Prior to experiments canine blood was obtained for 
transfusion using methods previously described." After 
storage at 4 C for 5 days, the SFP of each unit of blood was 
measured according to Swank’s method ?? If the SFP was 
elevated, the blood was used in the experimental study. pH 
and lactic and pyruvate acid concentrations were deter- 
mined in each blood bag and the blood was inspected for 
gross clots before being used. 

Mongrel dogs were anesthetized with intravenous 
sodium pentobarbital, 25 mg/kg. Each was ventilated with 
room air through an endotrachial tube using a Harvard 
respirator pump setatarate of 12- 14 cycles per minuteanda 
tidal volume of 25 + 5 cc/kg. Tidal volume was monitored 
using a spirometer (Wrights’ Respirometer Mark 12). Mus- 
cle relaxation was maintained using small doses of pan- 
curonium bromide given intravenously as necessary. 

A right jugular venous cut-down was performed, and 
under fluoroscopic control two catheters were passed, one 
into the left pulmonary artery and the other into the right 
atrium. The femoral artery and vein were cannulated using 
widebore polyvinyl catheters passed through a right 
femoral cut-down. The respiratory rate and tidal volume in 
each animal were then adjusted until femoral arterial 
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oxygen and carbon dioxide tensions and pH were stabile 
and reproducible. 

Once the animal was stabilized on room air, mixed 
venous oxygen tension was determined on blood from the 
right atrium. Arterial oxygen saturation and mixed venous 
oxygen saturation were measured using an oximeter 
(American Optical Company), and oxygen consumption 
was determined using an oxygen consumption meter (Ox- 
ford Instrument Company, Jackson, Mississippi). 

Arterial blood lactate and pyruvate concentrations were 
determined by enzymatic procedures.!*?? Femoral artery, 
pulmonary artery, and right atrial pressures were recorded 
continuously. 

Respirations were then changed from room air to 100% 
oxygen, care being taken to prevent any oxygen leakage in 
the system. The animal was allowed to restabilize on 100% 
oxygen and the previous determinations were repeated 


until reproducible results were obtained. The average time 
taken to achieve restabilization on 100% oxygen was 45 
minutes. 

The anatomical shunting of blood away from the pulmo- 
nary alveolus (Qs/Qt) (per cent pulmonary shunt or direct 
pulmonary venous admixture) was estimated by means of 
the shunt equation.’ The blood at the end of the pulmonary 
capillary was assumed to be fully saturated since the 
animals were breathing 100% oxygen (FIO, = 1). 

The diffusing capacity of the lungs for oxygen (DO) was 
calculated using a modification of Bohr's steady state 
oxygen method ^??? 

Ventilation: perfusion ratios (V4/Q5) were determined 
using the oxygen-carbon dioxide diagram of Rahn and 
Fenn.” 

Animals were then divided into two groups. 

Group I-Experimental Animals. The blood volume of 
each of 6 animals was assumed to be 10% of its body 
weight. Each animal underwent an exchange transfusion of 
twice its calculated blood volume using the previously 
stored blood. 

Average pH of the infused blood was 7.02 + 0.10, and its 
average lactate and pyruvate concentrations were 82.3 + 
10 mg% and 3.1 + 1.2 mg% respectively. 

Immmediately prior to infusion, each blood bag was 
warmed to 37 C in a water bath. It was then thoroughly 
mixed by gentle agitation and grossly inspected to insure 
the absence of blood clots. 

The blood was infused in 50 cc aliquots into the femoral 
vein and at the same time 50 cc aliquots were withdrawn 
from the femoral artery. Quantities of blood equal to that 
removed for the various sampling procedures were re- 
placed during this period. 

All blood was filtered through standard commercial 
blood transfusion filters (Cutter Saftifilter blood adminis- 
tration set 865-08) with a measured pore size of 200 mi- 
crons. 
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For each unit of blood, SFP, hematocrit, and white 
blood cell and platelet counts were determined both 
before and after filtration. Each blood transfusion filter 
was replaced after three units (1500 cc) of blood had 
passed through it. The average time necessary to com- 
plete each of the exchange transfusions was 90 minutes. 

Once transfusion had been completed, Qs/Qt, DO, and 
V./Qs were again determined. At the conclusion of the 
experiment, each animal was sacrificed, and the positions 
of the tips of the pulmonary artery and the mght atrial 
catheters were confirmed. A sample of lung tissue was also 
obtained for microscopic pathological examination. 

Group II-Control Animals. Three animals served as 
controls. Each underwent the full 62 hour protocol of the 
experiment as did Group I animals; however, exchange 
transfusions were not performed. 
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Fic. 1. Exchange transfusion with blood containing microaggregates. 
After transfusion oxygen consumption decreased to 77% of normal. 
Metabolic acidosis became obvious as blood lactic acid concentration 
increased out of proportion to an increase in pyruvic acid concentration 
and average arterial blood pH dropped. 
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Fic. 2. Exchange transfusion with blood containing microaggregates. 


Even though right atrial and femoral arterial pressures did not change, 
severe pulmonary arterial hypertension was induced. 


Results 


Group I-Experimental Animals. During transfusion av- 
erage O» consumption on room air decreased by 23% from 
80 + 16 ml/min before transfusion to 62 + 11 ml/min after 
transfusion (p<0.025). Average blood lactic acid concen- 
tration increased from 17.3 + 3.3 mg% to 58.0 + 13.2 mg% 
(P« 0.0005) and the average blood pyruvate concentration 
increased from 1.84 + 0.5 to 2.37 + 1.5 mg%. The average 
arterial blood pH fell from 7.42 + 0.07 before transfusion to 
7.31 + 0.18 after transfusion (P<0.005). Average arterial 
Pco, did not change significantly. 

Average right atrial pressure did not change (Fig. 2). 
Average femoral artery pressure fell from 157 + 48 mm Hg 
to 137 + 47 mm Hg; this change was not of statistical 
significance. Average pulmonary artery pressure in- 
creased from 16 + 1.1 mm Hg before transfusion to 22.0 + 
3.2 mm Hg after transfusion (P<.0025). 

Average V4/Q, was the same before and after transfusion 
(Fig. 3). Average DO, decreased from 5.6 + 2.6 ml/min/mm 
Hg pre-transfusion to 3.0 + 0.9 ml/min/mm Hg after 
transfusion (P<0.0125). Average pre-transfusion Qs/Qt 
was 10 + 4% and after transfusion rose to 23 + 6% 
(P« 0.0025). 

Average SFP of the transfused blood before filtration 
was 433 + 143 mm Hg (Fig. 4). After filtration, the SFP 
remained elevated at 147 + 68 mm Hg (normal2-15mm Hg). 
Differences in hematocritis, platelet counts, and white 
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blood cell counts before and after filtration were not 
statistically significant. 

Representative sections of lung tissue were routinely 
stained with- hematoxylin and eosin (H&E), and with 
Periodic-acid-Schiff (PAS) and Verhoeff-Van Gieson 
(VVG) stains as the need arose. 

Lung sections in four of the six dogs showed diffuse 
embolizationinthe pulmonary microcirculationatthe level 
of and distal to the respiratory bronchioles (Figs. 5 and 6). 
The pulmonary arteries, pre-capillary arterioles and capil- 
laries were distended with homogenous to granular PAS 
positive emboli containing aggregated disintegrating 
polymorphonuclear leucocytes. The pulmonary veins 
were free of emboli or debris. 

Emboli were not seeninthe pulmonary microcirculation 
oftwoofthe six dogs, butoneoftheseshowedanorganizing 
thrombus in a pulmonary artery at the level of the terminal 
bronchiole. The other had noncaseating granulomas in the 
lung. 

Focal hemorrhages, atelectasis, alveolar capillary con- 
gestion and alveolar cell proliferation was present in the 
lungs of all dogs. 

Group II-Control Animals. The only change observedin 
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FiG. 3. Exchange transfusion with blood containing microaggregates. 
Animals were artificially ventilated andrespiratory compensationwas not 
allowed: therefore V,/Q, did not change. However average DO, de- 
creased and Qs/Qt increased as microemboli accumulated in the pulmo- 
nary circulation and pulmonary damage developed. 
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Fic. 4. Exchange transfusion with blood containing microaggregates. 
Standard commercial blood transfusion filters reduced SFP of the stored 
blood somewhat. However numerous microaggregates passed the filter 
and post-filtration SFP remained high. Hematocrits and white blood cell 
and platelet counts were not significantly altered by filtration through this 
type of transfusion filter. 


these animals was an average 1% increase in Qs/Qt during 
the course of the experiment from 10% to 11%. 


Discussion 


It has been postulated that massive transfusion with 
stored blood containing large numbers of microaggregates 
may be a cause of pulmonary insufficiency.! 7195945717 
19.25.27 Previous research from these laboratories has dem- 
onstrated that exchange transfusion in animals with such 
blood leads to pulmonary arterial hypertension, a marked 
decrease in total body O, consumption, and metabolic 
acidosis. Transfusion through a standard commercial 
blood filter somewhat reduced SFP of the blood infused; 
however this reduction was not sufficient to prevent the 
detrimental changes observed. These previously reported 
data were confirmed in the present research. 

In these experiments the nature of the pulmonary defect 
created by transfusion of microaggregate-rich blood 
through standard blood transfusion filters has been eluci- 
dated. The pre-transfusion pulmonary AV shunt of 10% is 
in agreement with previously reported figures for anes- 
thetized dogs.? After transfusion, however, a further 








PULMONARY EFFECTS OF MASSIVE TRANSFUSION 59 





+ ar t v T Ju 

4 JA (US A B 

oe. aA Shae Ps freat 

Sage at mre roe... 

FiG. 5. Exchange transfusion with blood containing microaggregates. A 
representative section of lung shows emboli in the pulmonary microcircu- 
lation. Top center is a respiratory bronchiole (RB) with homogenous 
emboli in dilated pulmonary arteries (large arrows). Lower center is an 


alveolar duct (AD) with surrounding precapillary arterioles and capillaries 
distended with emboli (small arrows). (H & E, x 145) 


marked increase in pulmonary shunting to 23% was ob- 
served and the diffusing capacity was also lowered. Since 
these changes did notoccurinthe control animals, it may be 
safely assumed that they were due to the transfusions. 
Embolization of microaggregates in the stored blood to 
the alveolar capillary bed was confirmed on microscopic 
examination of the lungs. 

The ultimate fate of microemboli administered in blood 
transfusions has not been fully defined. It seems possible 
that after lodging in the pulmonary capillaries, their 
lysosomal granules might be broken down and release 
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Fic. 6. Exchange transfusion with blood containing microaggregates. 
Emboli with peripherally aggregated polymorphonuclear leucocytes are 
distending pre-capillary arterioles and capillaries. The elastic tissue in the 
wall of the pre-capillary arteriole diminishes as it merges into the 
capillaries. Part of a respiratory bronchiole is seen at the bottom left (RB). 
(VVG, x212) 
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contained lytic enzymes. These enzymes are capable of 
damaging capillary endothelium and alveolar 
epithelium.*?? An increase in alveolar permeability and 
discontinuities in the endothelial lining of the pulmonary 
microcirculation might well cause protein exudation into 
the alveoli, inhibition of intra-alveolar surfactant activity 
and transudation of fluid into the alveoli. The alveolar 
capillary membrane interference noted in these experi- 
ments may have been due to such changes. 

Not only do small emboli migrate through the pulmonary 
capillary bed into the arterial circulatior?? but also opening 
of more proximal pulmonary AV shunts of larger diameter 
as occurred inthis research would result in passage of other 
still larger microemboli into the arterial circuit. Arterial 
embolization and widespread destruction of body tissues 
with multiple organ failure, as is frequently seenin patients 
receiving multiple transfusions, might then develop. 

In an attempt to define the ultimate outcome of the 
pulmonary changes noted, two other dogs not herein 
reported were studied for 3 and 6 hours after transfusions 
were completed. In both, the pulmonary shunt continuedto 
increase, O; consumption fell progressively, and the diffus- 
ing capacity became steadily worse. Both of these dogs 
subsequently died; neither could be weaned from the 
respirator. 

In the present experiments once the anesthetized ani- 
mals had stabilized on room air, no further changes were 
made in tidal volume or respiratory rate, and no pulmonary 
compensation was allowed. Since no changes were ob- 
served in V4/Q;, this might indicate that the ventilated 
alveoli suffered no reduction in blood flow. However, the 
data showed a 1346 increase in the pulmonary AV shunt. 
Under these circumstances, it might be assumed that the 
ventilation perfusion ratio should change. There appeared 
to be two reasons why V4/Q, was not influenced: 1) the 
initial V,/Q, was deliberately set high so as to require no 
further alterations in respiratory rate and tidal volume 
during the experiment, and 2) in the calculation of the 
V4/Qs, the respiratory quotient (R) was assumed to be 
equal to 1, again increasing the ratio. Hence the 13% 
increase in pulmonary shunting was not sufficient to alter 
the ratio to any significant extent. If these conditions had 
not been artificially controlled, then V4,/Q, would have 
changed markedly. 

In this research overtransfusion was avoided by care- 
fully balancing the amount of blood infused with that 
withdrawn. In spite of this, however, severe pulmonary 
hypertension became manifest after transfusion even 
though right atrial pressure did not rise. That this pulmo- 
nary hypertension was due to pulmonary microemboli was 
vertified by pathologic exam. 

As observed in previous experiments, the metabolic 
acidosis noted in the transfused animals was due in part to 
the infusion of large quantities of acidotic stored blood, and 
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the disproportionate increase of blood lactate compared to 
pyruvate was probably a manifestation of this phenome- 
non.? Probably decreased O, consumption and tissue 
hypoxia also contributed to the acidosis to some extent. 

The authors have previously indicated similarities be- 
tween physiologic changes noted inthis experimental mod- 
el andthose seeninthe analogous clinical situationin which 
a patient is transfused through a standard blood transfusion 
filter with a large amount of stored blood containing great 
numbers of microaggregates.? Changes observed in such 
circumstances were pulmonary hypertension, decreased 
O» consumption, and metabolic acidosis. The present 
research has clarified a pulmonary basis for these abnor- 
malities. As might have been expected, the major defect 
was increased pulmonary AV shunting of blood due to 
pulmonary arteriolar and capillary obstruction caused by 
pulmonary microemboli. When such blockage exceeds the 
maximal tolerable level, respiratory insufficiency must 
result. 

The previous data and those presently reported assume 
great clinical significance when it is realized that the 
transfusions in this research were administered through a 
standard commercially available blood transfusion filter 
currently in widespread clinical use. On the basis of the 
experiments presented, it must be concluded that such 
filters do not offer adequate protection against administra- 
tion of harmful microaggregates which may have accumu- 
lated in stored bank blood. 

When bank blood is to be administered, either it must 
first be determined that the blood is free of microaggregates 
or an effective micropore blood transfusion filter must be 
used. To do otherwise, presents to the patient being 
transfused, an unjustifiable hazard and one of greater 
magnitude than has been appreciated heretofore. 
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Metabolic and Hormonal Studies Comparing Three 
Parenteral Nutrition Regimens in Infants 


MORRIS J. ASCH, M.D., MARK SPERLING, M.D., ROBERT FISER, M.D. 
ROSEMARY LEAKE, M.D., THOMAS C. MOORE, M.D., WILLIAM OH, M.D. 


Metabolic and hormonal studies were performed in 6 infants during 
the first 3 months of life while receiving 3 different types of 
parenteral nutrition: 1) 20% glucose and a nitrogen source (Dud- 
rick’s method) 2) 12% glucose, a nitrogen source and soybean fat 
emulsion (Intralipid method) and 3) 12% glucose, a nitrogen source 
and 1% alcohol (Babson’s method). All three regimens provided 
positive nitrogen balance of similar magnitude. The substrate- 
hormone relationships were appropriate. After parenteral fat free 
nutrition (primary caloric source glucose) the plasma glucagon 
levels were significantly lower and the growth hormone levels 
significantly higher than after the fat emulsion therapy period. The 
Dudrick and Intralipid methods resulted in a higher caloric intake 
and weight gain than the Babson method. The former two regimens 
cannot be completely endorsed, however, since septic and central 
vein complications are unavoidable with the Dudrick method 
particularly in the small infant; and the long term effects of 
intralipid, particularly on the liver are still unknown. 


TAL PARENTERAL NUTRITION has become an impor- 
tant, often lifesaving measure in the management of 
pediatric surgical patients who are unable to maintain 
nutritional needs by the oral route.! Infusion of 20% glucose 
and a nitrogen source into a central vein, the Dudrick 
method," has been the standard and most widely used 
technique. However, the use of hypertonic glucose, an 
intravenous nitrogen source and the central venous cathe- 
ter have resulted in complications such as infection, 
central vein thrombosis, metabolic acidosis,’ and 
hyperammonemia.'? Therefore, two other parenteral feed- 
ing regimens employing 12% glucose, anitrogen source and 
either fat emulsion? or alcohoP by peripheral vein have 
been used. The latter two regimens are presumably safer 
though their effectiveness in sustaining normal growth 
rate, positive nitrogen balance, and their effect on hor- 
monal regulation in the treated infant have not been com- 
pared with the Dudrick method. 


a Soe 
Submitted for publication March 19, 1975. 
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From the Division of Pediatric Surgery, Department of 
Surgery and Pediatrics, University of California, Los Angeles, 
Harbor General Hospital Campus, Los Angeles, California 


e 


This report comprises a prospective study of the three 
different parenteral nutrition regimens used in 6 infants 
comparing caloric intake, weight gain and nitrogen 
balance during the different regimens and blood levels 
of glucagon, insulin and growth hormone at the ter- 
mination of each regimen. 


Material and Methods 


As shown in Table 1, the subjects of this study were 6 
infants ranging in age from 6 days to 3 months who were 
admitted to the Harbor General Hospital Neonatal Inten- 
sive Care Unit for various surgical conditions. The infants’ 
diagnoses included: gastroschisis jejunal atresia, necrotiz- 
ing enterocolitis and esophageal atresia. Parenteral nutri- 
tion was started in all infants at less than 3 months of age (3 
< I mo. of age). Duration varied from 14 days to 6 months. 
Three different parenteral nutrition regimens were used: 
20% glucose and 2.5% synthetic amino acid solution* by 
central vein (Dudrick regimen) 12% glucose, 2.5% amino 
acid solution and a 10% soybean oil emulsion** by 
peripheral vein (fat emulsion regimen) and 1296 glucose, 
2.5% synthetic amino acid and 1% alcohol by peripheral 
vein(Babsonregimen). The soybean emulsion was givenat 
a dosage of 4g/kg/day. Fluid volume (125-150 cc/kg/day) 
maintenance electrolytes and vitamins were supplied in 
similar amounts in all three regimens. Each infant was 
placed at random on one ofthe three regimens and then the 
regimen was changed after 7 to 10 days. The regimens were 

*Freamine, McGaw Laboratories 
**Intralipid, manufactured by Vitrum Co., Stockholm, Sweden and 
kindly supplied by Cutter Laboratories, Berkeley, California. 
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TABLE 1. Diagnosis and Indication for Parenteral Nutrition 


PARENTERAL NUTRITION IN INFANTS 
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Age Parenteral Duration of 


Indication For Nutrition Parenteral Weight when Parenteral 
Patient Diagnosis Parenteral Nutrition Started Nutrition Nutrition Started (gms) 
l Gastrochisis* Short Bowel Syndrome 6 days 6 mos 2500 
2 Jejunal Atresia Delayed Function of 
Anastamosis 15 days 20 days 2350 
3 Pyloric Stenosis Parental Neglect with l 
G.I. Hemorrhage Starvation 35 days 15 days 2400 
4 Esophageal* Anastamotic Leak 
Atresia Total 
Anomalous Pulmonary 
Venous Drainage 16 days 20 days 2790 
5 Necrotizing* Ileostomy; Failure 
Enterocolitis to gain weight 2 mos 28 days 1880 
6 Cervical Spine 
Fracture, Liver 
Prolonged ileus 3 mos 14 days 7000 


Laceration 


*Indicates death. 


alternated so that each was used either first, second and last 
during the study. Two infants (Case 3 and 6) did not tolerate 
the Dudrick regimen due to glycosuria and a third infant 
(Case 4) was not placed on this regimen because of sepsis. 

While on an intravenous nutrition regimen, urine, stool, 
ileostomy and gastrostomy drainage were collected for 
analysis of nitrogen content. Daily weight and caloric 
intake were recorded and at the end of each regimen, blood 
samples were obtained for plasma insulin, glucagon and 
growth hormone determinations. CBC, platelet count, 
bilirubin, electrolytes, blood sugar and BUN were moni- 
tored twice a week. Nitrogen was determined by the 
Kjeldahl method’ and insulin, glucagon'® and growth 
hormone by a radioimmunoassay technique. 

Liver histology was reviewed in three patients, two from 
autopsy and one from biopsy materials during surgery. 
These biopsies were obtained after the infants had received 
both fat free and fat containing infusion regimens. 


Results 


Calorie intake and weight gain were significantly higher 
‘nthe fat emulsion and Dudrick regimens compared to the 


TABLE 2. Calorie Intake and Weight Gain 


Regimen Babson Fat Emulsion Dudrick 
Calorie Intake 
(cal/kg/24 hrs) 76 + 3.8 96 + 4.3* 104 = 3. 
(41) (59) (36) 
Weight Gain 
(gm/kg/24 hrs) 3.8 + 0.9 TA £07" 83 + 1.8* 
(41) (59) (36) 


ee MEM HE RMD 


m+ s.e.m. 

( ) number of studies. 

*Values significantly higher than the corresponding Babson's results 
(P<0.05). 


Babson regimen (Table 2). The fat emulsion and Dudrick 
regimens did not differ significantly from each other. 
Nitrogen balance was positive in all three regimens and 
was significantly higher during the Dudrick regimen (300 
mg/kg/day) than the Babson and Intralipid regimens (226 
and 221 mg/kg/day) which did not differ significantly from 
each other (Fig. 1). Per cent nitrogen retention varied from 
55% (Babson) to 68% (Dudrick) but there was no statisti- 
cally significant difference among the various regimens. 
Glucagon, growth hormone and insulin levels did not 
differ during the Babson and Dudrick regimens, both of 
which are essentially fat free. Both differed significantly 
from the fat emulsion regimen so that data from the Babson 
and Dudrick regimens have been combined, designated as 
fat free and compared to hormonal response during the fat 
emulsion regimen. Glucagon was significantly lower and 
the growth hormone significantly higher after the fat free 
regimens when compared to the fat emulsion (Table 2). 
Insulin was higher after the fat free regimens but the 
difference was not statistically significant. Normal values 
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Fic. 1. Mean values for nitrogen intake, output and retention during three 
parenteral nutrition regimens in 6 infants. 


BABSON 















64 


TABLE 3. Hormonal Response to Parenteral Nutrition 


Glucagon Growth Hormone Insulin 
Regimen(s) (pcg/ml) (ug/ml) (U/ml) 
Fat Free 93.3 = 2.05 16.9 + 3.2 10.8 + 4 N.S. 
(8) (9) (8) 
Fat Emulsion 126.0 + 8.3 6.8 = 1.7* 45+ .7 
(5) (5) (5) 
m+ s.e.m. 
( ) Number of observations 
*P «0.01 


for fasting infants in our laboratory are: glucagon 50-200 
pcg/ml; growth hormone 6 g/ml; and insulin 5-10 U/ml. 
Basal values for growth hormone in young infants occa- 
sionally are higher. 

Blood chemistries, blood counts, and platelet counts did 
not show significant aberrations during the study periods. 
Two patients died of problems related to their disease 
Process: short bowel syndrome and Sepsis (Patient 1) and 
esophageal atresia and total anomalous pulmonary venous 
drainage (Patient 4). A third patient died of a combination 
of disease, surgical complications and complications of 
hyperalimentation and will be discussed further below. 

Liver histology revealed the deposition of a brown 
pigment in the Kupffer cells and histiocytes of the portal 
tracts. Hepatic architecture was otherwise normal in two 
patients while a third patient had cholestasis. 


Discussion 


Calorie intake and weight gain were superior with the 
Dudrick and fat emulsion regimens as one would expect. 
The Babson regimen provides 65 to 75 cal/kg/day which is 
only 10-20 cal/kg/day above basal infant requirements.!7 
The average weight gain of 3.8 g/kg/day is far below the 
expected weight gain of 10 g/kg/day seenin a normal infant. 
This normal weight gain is more nearly approached by the 
Dudrick and fat emulsion regimens which provide 35-45 
cal/kg/day above the basal caloric requirements. The pro- 
teinintake with all 3 regimens wasin excess of the minimum 
daily protein requirements for infants and positive nitrogen 
balance was achieved during all 3. One can speculate that 
the greater weight gain demonstrated by the Dudrick 
regimen may be related to the higher number of calories 
provided. The significantly greater weight gain seen with 
the fat emulsion regimen compared to the Babson in the 
face of similar nitrogen balances may possibly have been 
due to fat deposition. 

The hormonal responses to the different regimens seem 
to be in accordance with current understanding of the 
endocrine responses to metabolic stimuli. A significantly 
higher carbohydrate load in the fat free regimens particu- 
larly the Dudrick regimen, may account for lower glucagon 
levels. Insulin levels were higher with the higher carbohy- 
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drate intake but perhaps not as high as one might expect 
because of the newborn infant's relative inability to 
respond to a large carbohydrate challenge with insulin." 
Free fatty acid elevation has been demonstrated during 
the infusion of fat emulsion.? The lower growth hormone 
levels observed in this group were probably on the basis of 
the inhibitory effect of high free fatty acid levels on growth 
hormone secretion? The hormone-substrate inter- 
relationship observed in this study seems appropriate, and 
in spite of the significant changes observed, the plasma 
glucagon, insulin and growth hormone levels were within 
the physiologic range during the 3 parenteral feeding 
regimens. 

As has been true in previous series, major gastrointesti- 
nal anomalies were the most common indication for paren- 
teral nutrition among neonatal patients. No adverse effects 
were observed clinically from any of the 3 regimens withthe 
possible exception of patient five (Table 1). This patient 
seemed to be recovering from exteriorization of a leaking 
ileo-ileostomy and was receiving the fat emulsion regimen 
when ascites, hyponatremia and coagulation abnormalities 
were observed. Despite apparent clinical and laboratory 
improvement over a4 to 5 day period, the patient expired. 
No anatomical cause of death was found at necropsy 
although hepatic cholestasis and Candida urethritis were 
observed. One has to implicate the parenteral nutrition asa 
cause of the hepatic problem although it is uncertain 
whether the fat emulsion or the nitrogen source should be 
implicated in the hepatic and coagulation problems since 
the infant received both. Cholestasis and jaundice have 
been described as complications ofparenteral nutrition and 
have been attributed to the nitrogen source.2° 

Deposition of a brown pigment inthe reticuloendothelial 
System as seen in the 3 patients in this study has been 
observed in animals and humans after fat emulsion infu- 
sion.'® Liver histology has otherwise been normal, as have 
liverfunctiontests. The significance of this pigment deposi- 
tion is unknown. Although platelet adhesiveness has been 
Shown to be decreased in vitro after the soybeanemulsion!! 
in vivo platelet studies and other coagulation factors 
studied after infusions in adults have been normal.5 In these 
infants, the platelet counts were normal although more 
specific platelet function studies were not done. 

It is apparent that from the metabolic point of view, the 
Dudrick and fat emulsion regimens are superior to the 
Babson regimen in providing total parenteral nutrition in 
the infant. The Dudrick regimen, however, has the disad- 
vantages of: 1) requiring a central venous catheter with its 
complications,*?! 2) poor tolerance of the premature infant 
to large glucose load during the neonatal period," and 3) the 
frequent occurrence of essential fatty acid deficiency if 
parenteral nutrition is required for more than several 
weeks.!® Disadvantages of the fat emulsion regimen are: 1) 
there is no commercially available FDA approved in- 
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travenous fat preparation; 2) the possibility of causing 
abnormalities in platelet adhesiveness and other coagula- 
tion parameters; and 3) the uncertain long-term effects of 
fat pigment deposition in the liver. It is obvious that the 
ideal parenteral nutrition program has not been achieved 
although advances are being made in this area. 
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Appraisal of Arteriography for Assessment 
of Operability in Periampullary Cancer 


TAKASHI SUZUKI, M.D., TOMOHIKO TANI, M.D., ICHIO HONJO, M.D.* 


The preoperative arteriograms in 87 periampullary cancers were 
analyzed in relation to the extension of tumor as explored in 
surgery, the resectability and the survival time. Most of the 
patients in whom the pancreaticoduodenal arcades were intact 
(Group 1-O) showed no extension of the lesion into the surround- 
ings and survived more than two years after pancreatoduodenec- 
tomy. Those in which the invasion was confined to the anterior 
pancreaticoduodenal arcade (Group I-A) could also be resected 
with much anticipation of long survival. About a third of the 
patients, in whom either the posterior arcade (Group I-P) or both 
anterior and posterior arcades were invaded (Group I-AP), were 
resectable. Only a few patients with the involved gastroduodenal 
artery (Group 2-A) or with the involved superior mesenteric 
artery (Group 2-P) were treated by extended pancreatoduodenec- 
tomy, but they died of recurrence shortly after resection. 
Further extension of the lesion was explored in surgery when 
preoperative angiography showed invasion of both the gas- 
troduodenal and superior mesenteric arteries (Group 2-AP) or of 
the extrapancreatic vessels such as the hepatic artery (Group 
3-C), intestinal arteries (Group 3-M) and both (Group 3-CM). 
Survival in these cases was only a few months after by-pass 
operation, 


NGIOGRAPHERS have extensively pursued the ar- 

teriograms in cancer of the pancreas only from the 
viewpoint of differential diagnosis, but only a few have 
attempted to analyze these vascular roentgenograms in 
relation to the management of different stages of this 
disease. Although there are some discrepancies in the 
extant literature concerning the value of pancreatic an- 
giography, we believe that no preoperative tools but ar- 
teriography could assess tumor growth, resectability and 
prognosis of this disease. In a previous study,? an at- 
tempt was made to stage the extent of lesions as judged 
by vascular morphology. However, for the purpose of its 
further appraisal in the field of surgery, the various 


Submitted for publication April 7, 1973, 
*Professor of the First Department of Surgery, Kyoto University 
Medical School. 


From the First Department of Surgery, 
Kyoto University Medical School, Kyoto, Japan 


————————M Ml 


stages of angiograms should be re-evaluated in relation 
to the state of lesions explored by laparotomy. In fact, 
there do not seem to be any systematic works throwing 
light on these problems. The purpose of this paper is to 
correlate these preoperative arteriograms with operative 
findings and survival times. Hopefully, it can also pro- 
vide an actual basis for selection of the proper therapeu- 
tic procedure in periampullary cancer. 


Materials and Method 


During the past 10 years, preoperative arteriography 
was performed in our clinic on 87 patients with 
adenocarcinoma in the periampullary region. All under- 
went laparotomy within two weeks after an giography and 
had a proven diagnosis of periampullary cancer. They 
consisted of 30 patients whose lesions could be treated by 
pancreatoduodenectomy and 57 whose lesions could not 
be resected due to the advanced extension of tumors or 
to their poor general conditions. The resectable in- 
stances, in which the precise location of the lesions could 
be determined by the extirpated specimens, included 13 
with cancer of the head of the pancreas, 8 with cancer of 
the ampulla of Vater, 7 with cancer of the terminal bile 
duct and 2 with cancer of the duodenum. Excluded from 
the present series were cystadenocarcinoma, islet cell 
carcinoma, carcinoid and other unusual types of tumors. 
Those with extensive involvement of the entire pancreas 
were also omitted, even if the primary lesions appeared 
to be in the periampullary region. 

Selective arteriography was performed with the Sel- 
dinger technique.” Catheterization of the celiac trunk and 
the superior mesenteric artery was made under fluoro- 
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scopic control mainly using the Cook grey catheter with 
J-shaped tip. A 30 to 50 ml bolus of 66.8% sodium 
iothalamate was injected into each artery and the serial 
film was taken. In order to delineate the further detailed 
vascular morphology, the right oblique projection was 
added to the anteroposterior by use of superselective 
angiography, pharmacoangiography!? or combined 
hypotonic duodenography.!* 

As described in a previous study,” the arteries relating 
to the pancreas were grossly divided into three types: 1) 
the arteries confined to the pancreas such as the pan- 
creaticoduodenal arteries and their branches (group 1 
artery); 2) the arteries adjacent to the pancreas such as 
the gastroduodenal artery and the proximal portion of 
superior mesenteric artery (group 2 artery); and 3) the 
arteries of the extrapancreatic organs such as the middle 
colic, jejunal, gastric, gastroepiploic and hepatic arteries 
(group 3 artery). 

Those in which tumor invasion was radiologically lim- 
ited to the group 1 artery were further subdivided into 
Group 1-O, Group 1-A, Group I-P and Group 1-AP can- 
cers. In Group 1-O cancer the invasion was confined to 
the branches of pancreaticoduodenal arteries or with no 
evidence of vascular invasion found on the films. In 
Group 1-A the invasion was limited to the anterior pan- 
creaticoduodenal arcade. In Group 1-P the invasion was 
limited to the posterior pancreaticoduodenal arcade; and 
in Group I-AP the invasion extended to both anterior and 
posterior arcades. 

Those in which tumor infiltration extended to the group 
2 artery were subclassified into Group 2-A, Group 2-P 
and Group 2-AP cancers. In Group 2-A cancer the gas- 
troduodenal artery was involved by tumor. In Group 2-P 
the proximal portion of superior mesenteric artery was 
invaded; and in Group 2-AP the vascular involvement 
was seen in both the gastroduodenal and superior mesen- 
teric arteries. 

Those in which the invasion extended farther into the 
group 3 artery were subclassified into Group 3-C, Group 
3-M and Group 3-CM cancers: in Group 3-C the involve- 
ment was demonstrated in vessels belonging to the celiac 
territory such as the hepatic and gastric arteries; in 
Group 3-M the vascular invasion was shown in branches 
belonging to the superior mesenteric territory such as the 
jejunal and middle colic arteries; and Group 3-CM con- 
sisted of both the invaded Group 3-C and Group 3-M 
arteries. 

Pancreatoduodenectomy was performed in either one 
or two stages in patients who showed no hematogenous 
metastasis, peritoneal dissemination or local extension 
into the surrounding structures such as portal vein, 
mesentery or hepatoduodenal ligament. The resecting 
procedure was not performed on those who were in ex- 
tremely poor general condition, even when the lesions 
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appeared removable. Those in whom pancreatoduode-] 
nectomy was not feasible underwent by-pass operations, d 
including cholecystojejunostomy, cholecystostomv 1 
choledochostomy, choledochoduodenostomy and gastro-| 
Jejunostomy. | 
Correlations between each type of preoperative ar-] 
teriogram and resectability, operative findings and sur- | 
vival time were reviewed. 
Results 
Results are summarized in Table 1. : 
Table 2 summarizes the incidence of each tumor] 
growth into the surroundings, liver and peritoneum. 
As shown in Table 2, of the 25 cases of Group L-O, liver] 
metastasis was demonstrated in two, one of which was] 
accompanied by portal and mesenterial infiltration. Of] 
the 8 cases of Group 1-P, portal involvement was re- | 
vealed in 4; in one there was mesenterial invasion, and inf 
one there was hepatoduodenal invasion and liver metas- | 
tasis. Of the 11 cases of Group 1-AP, 4 showed portal E 
involvement; one mesenterial involvement; one portal | 
and mesenterial involvement; one portal and mesenterial B 
involvement and peritoneal dissemination; and one por- f 
tal and mesenterial involvement, peritoneal dissemina- f 
tion and liver metastasis. í 
Of the 11 cases of Group 2-A, three exhibited mesente- B 
rial invasion; two portal invasion; one mesenterial and] 
portal invasion; one portal and hepatoduodenal inva- 
sion; one portal and mesenterial invasion and liveri 
metastasis; one portal and hepatoduodenal invasion and f 
liver metastasis; and one  mesenterial and | 
hepatoduodenal invasion, peritoneal dissemination and] 
liver metastasis. The case with mesenterial invasion, as f 
mentioned previously, was treated by transverse colec- B 
tomy together with pancreatoduodenectomy. Portal in- f 
volvement was disclosed in all of the 3 Group 2- P and 41 
Group 2-AP patients. Tumor growth into the mesentery, & 
hepatoduodenal ligament and liver was additionally de-| 
termined in some of them, especially in the latter group. | 
Only one resectable lesion in Group 2-P could not be | 
removed without the combined resection of the pancre- f 
atic portion of the portal vein, as described above. 
Surgery revealed that the lesions belonging angiographi- | 
cally to Group 3 were associated with their advanced f 
local extension, which made almost all of them unresect- 
able. In this group of 24 patients, liver metastasis and f 
peritoneal dissemination were seen in 6 and 7, re- ] 
spectively. With regard to the mode of extension. f 
hepatoduodenal infiltration was more evident in Group | 
3-C than in Group 3-M, while peritoneal dissemination & 
was comparatively prominant in Group 3- M. : 
As stated above, liver metastasis and peritoneal dis- B 
semination were surgically explored in the various f 
groups. The angiographic confirmation of these discon- f 
tinuously spreading lesions was assessed. As indicated in | 
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Number = ———~——-— MÀ nn aeaa 

of Head of Ampulla 

Anteriogram Patients the Pancreas of Vater 
Group 1-O 25 3* 8 
Group I-A I | 0 
Group 1-P 8 3 0 
Group -AP 11 3 0 
Subtotal 45 10 8 
Group 2-A 11 ae 0 
Group 2-P 3 it 0 
Group 2-AP 4 0 0 
Subtotal 18 3 0 
Group 3-C 3 0 0 
Group 3-M 18 0 0 
Group 3-CM 3 0 0 
Subtotal 24 0 0 
Total 87 13 8 


*One total pancreatectomy 
*"Two total pancreatectomies 
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Terminal Unresectable — Resectable 
Bile Duct Duodenum l'otal cases rate (%) 
JeF I 19 68 76 
0 0 i 0 100 
0 0 3 » 37 
0 0 3 8 27 

7 i 26 19 

0 Ü 2 9 i8 
0 0 i 2 33 
0 0 0 4 0 
0 0 3 8 

0 0 0 3 0 
0 is i 17 5 
0 0 0 3 0 
0 l l 23 

7 2 30 57 34 

(average) 


ae a = ss ee msnm s sn 


tResection of transverse colon 
SFour unresected due to poor risk state, although lesions were removable 


***One resection of transverse colon; one total pancreatectomy "One unresected due to poor risk state, although lesion was removable 


* Total pancreatectomy and resection of portal vein 


Table 3, the presence of liver metastasis could be accu- 


rately evaluated on the films in 11 of 17 patients (2 of 


Group |, 4 of Group 2 and 5 of Group 3), and that of 
peritoneal dissemination could be predicted in three of 
11. These angiographically confirmed three patients 
belonged to Group 3. 

Excluding those who died immediately after operation 
or are still alive, survival time after operation was re- 
viewed. The average survival of the patients with whole 
resectable and unresectable cancers was 17.3 and 4.5 
months, respectively. The average survival times of the 
patients with resectable cancer were as follows: 24.3 
months for 8 Group l-O cases; 10.6 months for one 
Group 1-P; 9.6 months for three Group I-AP; 8.9 months 
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for two Group 2-A; and 7.6 months for one Group 2- P. Of 
these patients, including those still living, 8 Group 1-O 
and one Group I-A showed a survival time of more than 3 
years after pancreatoduodenectomy. 

Fig. | illustrates the survival time of each pan- 
creatoduodenectomized patient. 

The survival time of the unresectable cancer cases in 
Group | was 6 or 7 months, and that of unresectable 
cases in Group 2 and 3 was 2 to 4 months after by-pass 
operations. Of these 57 unresectable patients, only 13 
survived more than 6 months. They consisted of three 
each of Group 1-O, Group I-P and Group l-AP; two 
Group 2-A; and one each of Group 3-M and Group 3-CM 
cancer. Excluding those with liver metastasis, the survi- 


TABLE 2. Correlation Between Preoperative Arteriograms and Operative Findings in 87 Periampullary Cancers 
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Hepatoduodenal 





l Portal Vein Liver Peritoneal 

Arteriogram Total Patients System Mesentery Ligament Metastasis Dissemination 
Group 1-O 25 | | 0 2 | 0 
Group I-A i 0 0 0 0 0 
Group I-P 8 4 | ] ] 0 
Group I-AP E 7 á 0 à 
Group 2-A E 6 6 3 3 | 
Group 2-P 3 3 | I | 0 
Group 2-AP 4 4 3 2 3 | 
Group 3-C 3 3 2 3 ] 0 
Group 3-M 18 16 17 7 4 5 
Group 3-CM 3 3 3 2 | 2 
Total 87 47 
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TABLE 3. Angiographic Confirmation of Liver 
Metastasis and Peritoneal Dissemination 
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Liver metastasis Peritoneal Dissemination 





Anteriogram ——— M MM MÀ 
Surgically  Angiographi- Surgically Angiographi- 
confirmed cally confirmed confirmed cally confirmed 

Group 1-O 2 ] 0 - 

Group I-A 0 - 0 - 

Group I-P l 0 0 -— 

Group 1-AP | I 2 0 

Group 2-À 3 2 | 0 

Group 2-P | 0 0 — 

Group 2-AP 3 2 i 0 

Group 3-C I | 0 — 

Group 3-M 4 4 5 | 

Group 3-CM | 0 2 2 

Total 17 HI s 3 


11/172: 6452) 


(3/11=27%) 





val time of the unresectable Group [-O and Group I-P 
accounted for over 8 months. 

These results are summarized in Table 4. 

Discussion 

The present documentations provide further knowl- 
edge from that gained in our previous series*?"!^ on the 
correlation between arteriograms and clinical aspects in 
cancer of the pancreas. We have since made use of these 
vascular roentgenograms for the management of this 
malignoma, but the increasing number of observations 
have necessitated the further analysis of the vascular 
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morphology of the pancreas. The curability as well as 
resectability of periampullary cancer depends on 
whether the tumor extends farther into the surrounding 
structures such as the portal vein, vena cava, mesentery 
or hepatoduodenal ligament, and whether the tumor is ac- 
companied by liver metastasis or peritoneal implants. In 
addition, the clinical course is not only affected by the 
extent of the tumor but, as we stressed previously ^? 
deeply influenced by the location of the lesion within the 
gland. These factors are certainly of the greatest impor- 
tance for the management of these patients. However, 
there have been no preoperative criteria to assess them 
accurately, nor have any particular efforts to establish 
them been provided. In an attempt to resolve such prob- 
lems the intrapancreatic and peripancreatic arteries 
each were further reclassified into those located in the 
anterior side of the gland and those in the posterior side; 
the associated vascular involvement was correlated with 
the extension of tumor as explored in surgery, the resec- 
tability and the followup results. 

With Group 1-O, in which no evidence of invasion was 
found along the pancreaticoduodenal arteries, almost 
none of the patients showed any extension of the lesion 
into the surrounding areas and such patients could be 
treated by pancreatoduodenectomy. These patients 
showed an average survival time of more than two years. 
One Group 1-A cancer patient, in whom the vascular 
involvement was confined to the anterior superior pan- 
creaticoduodenal artery, could also be resected and is 
now living well 6 years after surgery. 

[n contrast, resectability as well as survival after pan- 


me Carcinoma of the Head of the Pancreas 
Carcinoma of the Ampulla of Vater 
Carcinoma of the Terminal Bie Duct 


[ ] Carcinoma of the Duodenum 


* Stil alive 
* 
7 
] 
^ 
7 * 
j 7 
^ ^ 
7 7 
^, Yj 
^ ^ x 
1-A -P 1-AP 2-À 2-P 
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TaBLE 4, Correlation Between Preoperative Arteriograms and Survival Time in 87 Periampullary Cancers 
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Resectable Cases 





Unresectable cases 


T tt a e i i ree 


Patients dying 
surgically 
or still alive 


Average survival 
after surgery* 
(mon) 


Arteriogram Total Patients 


Survival >3 yrs 


Average Survival After Surgery* 
{mon} 


Patients dying 
surgically 
or stil alive 








Including 
liver metastasis 


Excluding 


Total Patients liver metastasis Survival > 6 mon 


Group 1-O 19 i] 24.3 8 6 2 1.3 8.7 3 
Group 1-A I l — | Q — — — = 
Group I-P 3 2 10.6 0 3 0 7.0 8.3 3 
Group I-AP 3 0 9.6 0 8 3 6.1 6.1 3 
Group 2-A 2 0 8.9 0 2 4.6 5.2 2 
Group 2-P I 0 7.6 0 z 0 2.3 35 0 
Group 2-AP 0 0 — — 4 i mo 2.0 0 
Group 3-C 0 0 — — 3 I 3.2 3.4 0 
Group 3-M | | — 0 17 3 3.8 4.4 | 
Group 3-CM 0 0 — — 3 0 3.4 24 l 
M ——— MÀ MM M —ÀMMÀ——— LLL 
Total 30 iS 17.3 9 57 i2 4.5 5.6 13 
(average) (average) (average) 


“Excluding those dying surgically or still living 


creatoduodenectomy became abruptly unfavorable when 
the lesions involved the posterior pancreaticoduodenal 
arcade; that is, about half of the Group 1-P and Group 
l-AP cancers exhibited portal vein invasion, and a few in 
the latter group additionally disclosed mesenteric in- 
volvement and peritoneal dissemination. Thus, localiza- 
tion of lesions within the periampullary region exerts an 
influence on the clinical course. Such localization could 
be determined by the vascular morphology as classified 
in this study. Of the Group 2 cancers, in which tumors 
extended to the peripancreatic arteries, only a few le- 
sions growing anteriorly (Group 2-A) were resectable 
with the transverse colon, but recurrence Shortly after 
resection could not be avoided. One Group 2-P patient, 
in whom the tumor grew posteriorly, underwent resection 
of the pancreatic segment of portal vein and the entire 
pancreas, but he survived only 7 months. Furthermore, 
the majority of Group 2 cancers already revealed 
mesenterial core formation, liver metastasis or 
hepatoduodenal invasion. This suggested that when the 
extrapancreatic vessels were radiologically involved, 
there was little hope for cure, even if extended pan- 
creatoduodenectomy was performed. In fact, when com- 
paring the survival rate of Group | treated by by-pass 
operations alone with that of Group 2 treated by radical 
procedures, no difference between their postoperative 
clinical course could be found. 

Hermneck and colleagues? also have classified cancer 
of the pancreas into four stages on the basis of the extent 
of lesion as judged by operative and histologic findings at 
the time of operation. According to his results, survival 
times after resection for stage 1 (local disease only) and 
stage II (invasion of surrounding tissues) were 1.4 and 1.2 
years, respectively. However, resection for stage III (re- 


gional node metastases) and stage IV (generalized car- 
cinoma) resulted in survival times almost identical to that 
observed with palliative procedures only. According to 
Smith and colleagues' review* of cancer of the pancreas, 
the long-term survivors were included among the pa- 
tients who had by-pass operations. His conclusion was 
that pancreatoduodenectomy should be reserved for 
those with early tumors in whom evidence of local inva- 
sion or spread to regional lymph nodes was not demon- 
strable; and that by-pass operation should be selected if 
the presence of local or nodal invasion was probable. 
According to Crile's observatior? on some early stages of 
adenocarcinoma of the head of the pancreas, the aver- 
age period of survival of those who were treated with 
by-pass procedure was longer than that of those treated 
by radical operations. Based on these facts, he insisted 
that when nothing but adenocarcinoma of the head of the 
pancreas and only those large enough to be readily palp- 
able were considered, radical operation appeared to dis- 
seminate the disease and shorten life. 

These reports might be partly true if we compared our 
results between those with unresectable Group | and 
those with resectable Group 2. However, the ablative 
procedure should be executed for Group 1 cancer, in 
which most of the tumors had not yet extended far 
beyond the capsule of the gland. In addition, even when 
the lesions with Group | are not removed, local infusion 
chemotherapy by means of our method" probably has 
much to offer. 

According to our previous study!*!^ on the correlation 
of survival time with the location and size of tumor, the 
cancers situated in the posterior side of the head of the 
pancreas or in the uncinate process were prone to be unre- 
sectable. This was true even when they were detected at 
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a comparatively early stage. When such cancers were 
resected with the routine method, the patients died of 
recurrence within as little as one year after surgery. This 
poor survival time might be due to the cancerous tissue 
remnants around the portal vein system where aggres- 
sive manipulation could not be performed. These data 
suggest that some patients in Group l, especially in 
Group I-P and Group 1-AP, could benefit from further 
extended surgery such as total pancreatectomy combined 
with portal resection. Fortner? has advocated a new en- 
bloc resection of the lesion in which the entire pancreas, 
portal vein, celiac axis, proximal portion of the superior 
mesenteric artery, lymph nodes and lymphatic vessels 
adjacent to the pancreas were all removed. He recom- 
mended this bold procedure for adenocarcinoma that 
was clinically confined to the pancreas. If the operative 
mortality can be held to acceptable levels, such new 
efforts appear promising. For selection of these various 
degrees of procedures, the vascular patterns proposed in 
the present study could be of great help. 

In the Group 3 cancers, the most frequently involved 
vessel of the celiac territory was the hepatic artery, and 
in the superior mesenteric territory it was the middle 
colic artery or jejunal arteries. The former (Group 3-C) 
was correlated with a high incidence of invasion of the 
hepatoduodenal ligament, while the latter (Group 3-M) 
was correlated with peritoneal dissemination in addition 
to mesenterial core formation. Of course, almost all 
cases were beyond resection and the patients survived 
only 3 to 4 months on the average. 

As to resectability in periampullary cancer, Sato and 
associates have observed that lesions with abnor- 
malities limited to the superior pancreaticoduodenal ar- 
tery could be resected, but that lesions with abnor- 
malities in other arteries were unresectable. According 
to a recent report by Goldstein and colleagues,’ the signs 
of nonresectability were invasion or occlusion of the por- 
tal or superior mesenteric vein, or encasement of the 
celiac, superior mesenteric, hepatic, gastric or intestinal 
arteries; lack of resectability was predictable in 25 of 29 
cancers. Following Buranasiri and Baum,’ many 
radiologists have stressed the importance of the venous 
phase in diagnosis of this disease. In the present re- 
search the state of the portal system was also evaluated, 
but a clearer venous visualization was not always ac- 
complished in all of the instances presumably due to the 
lack of a large dose of contrast medium. Thus, the ve- 
nous factor, regrettably, could not be statistically as- 
sessed in the present series. 

Most cases of peritoneal dissemination belonged to 
Group 3, but there was no marked difference in the 
incidence of liver metastasis among the groups. Surpris- 
ingly, two of Group 1-O already had liver metastasis, 
which prevented execution of the resecting procedure. 
These metastatic lesions were usually so hypovascular 
that the angiographic manifestation, especially of 
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peritoneal implants, was discouraging.” Diagnosis of 
some cases of Group 1-O cancer by angiography alone 
was also obscure because the finer branches of the ar- 
cades were not always sharply visualized. In order to 
compensate for this disadvantage, the routine use of the 
simultaneous projection of hypotonic duodenograms 
with angiograms was adopted, this procedure being re- 
ported elsewhere. Irrespective of these diagnostic 
problems, we wish to emphasize that the majority of 
Group 1-O cancer as well as Group I-A could be treated 
by routine pancreatoduodenectomy, which is usually fol- 
lowed by a longer survival period. It is also possible that 
the curability of group I-P and Group I-AP cancers 
could be improved by means of further extended resec- 
tions of the lesions. 
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Inhibition of Serum and Urine Amylase Activity in 


Pancreatitis with Hyperlipemia 


ANDREW L. WARSHAW, M.D., CYNTHIA A. BELLINI, B.S., 
PAUL B. LESSER, M.D. 


In 6 of 7 patients with acute pancreatitis and hyperlipemia, inhibi- 
tion of serum amylase activity was detected by dilution of the 
serum before assaying for amylase and by correcting for the 
dilution factor. In 4 patients the inhibition phenomenon disap- 
peared within the first few days of hospitalization as the elevated 
serum triglycerides fell. However, in 2 others there was no rela- 
tion between triglyceride level and amylase inhibition. Removal of 
the excess serum lipids by ultracentrifugation did not eliminate 
the inhibition of amylase activity. Inhibition of amylase activity 
also occurred in the urine of these patients. No amylase inhibition 
was demonstrable in lipemic serum from patients without pan- 
creatitis or in pancreatitis serum to which excess lipids were 
added. The data suggest the presence of a circulating inhibitor of 
amylase, distinct from the elevated serum lipids, in the serum and 
urine of patients with acute pancreatitis associated with hyper- 
lipemia. The diagnosis of acute pancreatitis in the patient with 
abdominal pain and lactescent serum can be facilitated by correct- 
ing the serum amylase activity by dilution. 


IPIDS, especially triglycerides, are abnormally ele- 

vated in the sera of 12-3896 of patients presenting with 
acute pancreatitis,!??5 gross lactescence being visible in 
about half of these. In such patients serum amylase 
activity, the most widely-used laboratory index of acute 
pancreatitis, may fail to rise.^?*5? It has been postulated 
that the excessive lipid either interferes with the chemi- 
cal measurement of amylase activity** or inhibits the 
enzymatic action of amylase.’ Recently Fallat, Vester, 
and Glueck showed that serial dilution of hyperlipemic 
pancreatitis serum allows a relative increase in amylase 
activity and suggested that the excessive serum tri- 
glycerides were responsible for the lowered amylase activ- 
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ity.* The findings of the present study suggest instead the 


existence of a circulating inhibitor of amylase in some 
patients with acute pancreatitis, usually coinciding tem- 
porally with hypertriglyceridemia but not being the 
triglycerides per se. 


Materials and Methods 


Six patients with lactescent serum and clinically un- 
equivocal severe acute pancreatitis were encountered 
during a prospective study of 60 patients with acute pan- 
creatitis at the Massachusetts General Hospital. Serum 
and urine were collected at the time of admission, refrig- 
erated immediately, and assayed within 24 hours. Control 
specimens were obtained from normal healthy volunteers 
and from hyperlipemic patients without clinical pan- 
creatitis. 

Amylase activity in serum and urine was determined 
by a direct saccharogenic method in which the liberation 
of reducing groups (maltose) is detected with 3,5- 
dinitrosalicylic acid.! The period of incubation used in 
this assay was generally 30 min at room temperature, but 
was varied in some experiments so that all results would 
fall within the range of linearity for the assay. Normal 
serum amylase activity in this laboratory ranges from 
20-90 mumoles of maltose/min. 

To detect inhibition of “true” amylase activity, speci- 
mens were serially diluted up to 16 times. The value for 
amylase activity in a diluted sample was multiplied by the 
dilution factor to give a "corrected amylase activity.” 
The phosphate buffer used in the amylase assay (0.02 
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Fic. |. Unchanged amylase activity after serial dilution of non-lipemic 
serum. In the upper section each curve is a different patient and each 
point is the mean of duplicate samples. In the lower section the curve 
shows the mean for 7 patients and the standard error of the mean at each 
dilution. 


M,pH 6.9, containing 0.006 M NaCl) was used for making 
serial dilutions of samples. 

Triglycerides were measured according to Kessler and 
Lederer.” Ultracentrifugation was performed with a 
Beckman L-50 refrigerated ultracentrifuge. 


Results 


The corrected amylase activity in normal serum did not 
change significantly upon 16-fold serial dilution (Fig. 1). 
Similarly dilution produced no consistent change in the 
amylase activity of 5 sera from patients with acute pan- 
creatitis not associated with hyperlipemia (triglycerides 
< 150 mg/100 ml) (Fig. 1). Dilution of 1 specimen of pure 
human pancreatic secretions, obtained by cannulation of 
the pancreatic duct, had no effect upon its corrected 
amylase activity. 

In contrast, the corrected amylase activity in serum 
from 5 patients with lactescent serum (mean triglycerides 
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Fic. 2. Increased corrected amylase activity after dilution of hyper- 
lipemic serum from patients with pancreatitis. In the upper section each 
curve is a different patient and each point is the mean of duplicate 
samples. The triglyceride concentration (mg/100 mI) of each undiluted 
specimen is given in parentheses. In the lower section the curve shows 
the mean for 7 patients and the standard error of the mean at each 
dilution. 


— 6100 mg/100 ml) increased strikingly upon serial dilu- 
tion (Fig. 2). A point of dilution was always reached 
beyond which no further increase in corrected amylase 
activity occurred. Control serum (mean triglycerides = 
2200 mg/100 ml) from 5 hyperlipemic patients without 
pancreatitis showed no significant change in amylase ac- 
tivity after dilution (Fig. 2). 


TABLE 1. Corrected Amylase Activity After Dilution (16x) of Urine From Normal Volunteers or 
From Patients with Pancreatitis and Hyperlipemia. 





Normal Volunteers 
mj.moles maltose/min 
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Pancreatitis with Hyperlipemia 
m,umoles maltose/min 


undiluted 7... dqiuted  — change% undiluted dued 7 change% 

111 110 -1 1176 3880 +230 

37 35 -8$ 670 2150 43221 

100 290 +190 61 299 + 390 

32 39 +22 1600 2240 +40 

ve 138 +92 365 1388 + 280 

100 126 +26 Mean change +232 
74 90 +22 
62 64 +3 
113 170 +50 
Mean change +44 
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FiG. 3. Persistence of 
amylase inhibition after 
removal of serum lipids by 
ultracentrifugation. Ín this 
representative experiment 
the 3 curves show the cor- 
rection of amylase activity 
of serum from a patient 
with pancreatitis and 
hyperlipemia before ul- 
tracentrifugation, after 
centrifugation at 3x 10° g 
min, and after centrifuga- 
tion at 10° g min. The tri- 
glyceride concentration of 
each undiluted specimen is 
given in parentheses. 
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The excess lipids were separated from 2 hyperlipemic 
pancreatitis sera by ultracentrifugation. As shown in Fig. 
3, the undiluted amylase activity rose slightly after ul- 
tracentrifugation alone, a finding consistent with some 
minor suppressant effect of the lipids upon the enzyme 
assay. However, even after the removal of all of the 
chylomicrons (3 x10 g min) and 99% of the triglycerides 
(10 g min) the corrected amylase activity stil rose 3 to 
4-fold upon dilution. This observation suggests the pres- 
ence of an inhibiting factor in addition to the lipids. (The 
highest corrected amylase activity obtained in the cen- 
trifuged specimens may be a little lower than that in the 
uncentrifuged specimens because of the interval of two 
days required for ultracentrifugation and re-assay: after 
simple storage of unspun "'inhibited"' serum for several 
days, the observed rise in corrected serum amylase activ- 
ity falls off). 

Amylase activity was determined in urine obtained 
from 8 normal individuals and from 5 patients with hyper- 
lipemic pancreatitis and evidence of serum amylase sup- 
pression. As shown in Table | the mean rise in corrected 
amylase activity after 16-fold dilution was 44% in normal 
urine but 232% in urine from patients with serum amylase 
suppression. This difference is significant (P < 0.01 by 
the Mann-Whitney U Test for non-parametric groups). 
Since negligible quantities of triglycerides and other 


——— ————— ER 
iL 8D | 
f ? (10,0001 


Fic. 4. Loss of amylase in- 
hibition as the pancreatitis 
wanes. Serial samples 
taken from this patient, 
representative of the 4 
studied on multiple occa- 
sions, showed a progres- 
sive decline in the changes 
of amylase activity de- 
tected by dilution. The 
serum triglycerides for 
each undiluted sample are 
given in parentheses. 
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TABLE 2. Addition of Triglycerides to Pancreatitis Serum. 


no incubation incubation 
Pancreatitis serum + buffer 220 240 
Pancreatitis serum + normal serum 320 340 
Pancreatitis serum + triglycerides 280 340 


Pancreatitis serum was mixed in equal parts either with phosphate 
buffer, normal human serum, or hyperlipemic serum (triglycerides = 
2700 mg/100 ml). Amylase activity (mumoles maltose/minute) was de- 
termined before and after incubation at 37 for 1 hr. 


serum lipids appear in the urine, the inhibiting factor in 
urine cannot be the triglycerides. 

To test for direct inhibition of amylase activity by 
triglycerides, non-lipemic serum from a patient with pan- 
creatitis was mixed in equal parts with either phosphate 
buffer, normal serum, or hyperlipemic serum (tri- 
glycerides = 2700 mg/100 ml) and assayed for amylase 
activity. As shown in Table 2, there was no suppression 
of amylase activity by the lipemic serum. Incubation of 
the mixture for 1 hour at 37 C before assaying for amylase 
also did not lower amylase activity (Table 2). These find- 
ings are evidence against the inhibiting factor being the 
serum triglycerides or being the product of interaction 
between serum lipids and enzymes or other substances in 
pancreatitis serum. 

Serum obtained on successive days after admission 
from 4 patients with hyperlipemic pancreatitis showed a 
progressive loss of amylase inhibition as demonstrated by 
dilution (Fig. 4). This change temporally coincided in 3 of 
the 4 with falling triglyceride levels. 

In the latter days of the study, 2 patients with clear-cut 
pancreatitis were found who exemplified the dissociation 
of amylase-inhibition from massive hypertriglyceridemia 
(Fig. 5). One was a woman with known Type IV hyper- 
lipoproteinemia, mild triglyceride elevation (190 mg/100 
ml), and a 4-fold rise in amylase activity. The other was 
an alcoholic with markedly elevated triglycerides (3970 
mg/100 ml) but no amylase inhibition. 
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Fic. 5. Dissociation between serum amylase inhibition and triglyceride 
concentration. Each curve represents | patient with acute pancreatitis. 
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Discussion 

An increased incidence of pancreatitis or abdominal 
pain has been associated with several of the categories of 
hyperlipoproteinemias, but most reports of bona fide 
acute pancreatitis have occurred in association with a 
Type I or Type V hyperlipoproteinemia pattern?” as was 
the case for 5 out of 6 of our hyperlipemic patients. Of 
these 6, 4 were alcoholics, as were a similarly high per- 
centage in Cameron’s series.’ 

This study confirms that suppression or inhibition of 
serum amylase activity occurs frequently! ?**7 in pa- 
tients who have acute pancreatitis associated with hyper- 
lipemia. The mechanism of amylase inhibition has been 
disputed. Fallat, Vester, and Giueck,’ using a starch- 
iodine amyloclastic assay for amylase, showed a reduc- 
tion of apparent amylase activity when an artificial tri- 
glyceride suspension was added to the assay medium. 
They felt that triglycerides directly suppressed the 
amylase activity, perhaps interfering with light transmis- 
sion in the colorimetric assay. Indirect support for that 
view can be drawn from the experience of Farmer and his 
associates? who in their study of 10 hyperlipemic pan- 
creatitis patients noted uniformly elevated amylase activ- 
ity in centrifuged or ether-washed serum (although they 
did not measure amylase activity before removing the 
lipids). Others report that addition of triglycerides does 
not suppress measured amylase activity.’® Also, the pres- 
ence or absence of inhibition has not correlated with the 
degree of endogenous triglyceride elevation either in our 
experience or in that of Cameron's group.” 

Evidence from this study suggests that the serum lipids 
are not directly responsible for the inhibition of amylase 
activity. Amylase-inhibition correlated with the period of 
time, the first few days after admission, during which the 
triglycerides were elevated, but did not correlate with 
exogenous manipulation of triglyceride levels. Ultracen- 
trifugation of lipemic inhibited serum allowed only a 
slight rise in amylase activity, which was further aug- 
mented by dilution. Addition of human serum lipids in a 
concentration theoretically sufficient to suppress 
amylase activity (1250 mg/100 ml) did not lower the ele- 
vated amylase activity of pancreatitis serum. In contrast 
to the findings of Fallat, Vester, and Glueck,’ dilution of 
naturally-occurring lipemic serum from patients without 
acute pancreatitis did not produce any change in cor- 
rected amylase activity. Amylase activity in urine, which 
has very little lipid content, was also inhibited in patients 
with serum inhibition. And finally, the dissociation be- 
tween amylase inhibition and serum triglyceride concen- 
tration is graphically illustrated by the 2 patients rep- 
resented in Figure 5. 

The inhibition of urinary amylase is of particular inter- 
est since it helps to explain the observation by Cameron's 
group! that urinary amylase levels in hyperlipemic pa- 
tients with pancreatitis, like their serum amylase levels, 
are often normal and not elevated. In spite of the seem- 
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ingly low amylase activities in serum and urine, we have 
found that the amylase/creatinine clearance ratio, which 
rises in acute pancreatitis!’ rises also in hyperlipemic 
patients with pancreatitis and its measurement is an ef- 
fective aid to diagnosis.” 

These findings suggest that there is a circulating in- 
hibitor of amylase in the serum of many patients with 
pancreatitis associated with hyperlipemia. Although the 
elevated serum lipids may have some minor direct effect. 
lowering apparent amylase activity by interfering with 
colorimetric analysis, most of the inhibitory effect ap- 
pears to be associated with a non-lipid factor which can 
also be filtered into the urine. The origin and nature of 
this amylase inhibitor in unknown, but it is reasonable to 
postulate that it is either a lipid derivative or related to 
the underlying defect in lipid metabolism which charac- 
terizes these patients.^? 

The clinical importance of the phenomenon of inhibi- 
tion of amylase activity lies in its capacity to delude 
physicians into disregarding the diagnosis of acute pan- 
zreatitis. With a normal serum amylase the diagnosis 1s 
difficult to make unless one accepts the dictum that ab- 
dominal pain in a patient with lactescent serum means 
pancreatitis.'? As has been found by others also.’ correc- 
tion of the amylase activity by dilution (2- 16x) and appro- 
priate recalculation unmasks the "true" hyper- 
amylasemia. 
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Nutritional Aspects of Body Water Dislocations 
in Postoperative and Depleted Patients 


DAVID H. ELWYN, PH.D., CHRISTOPHER W. BRYAN-BROWN, M.D., WILLIAM C. SHOEMAKER, M.D. 


Measurements of plasma volume with '?I human serum albumin, 
extracellular water (ECW) with Br’, and total body water 
(TBW) with *H»O were made on 16 postoperative patients, 15 
depleted patients, and three control subjects. Intracellular water 
(ICW) was calculated as the difference between TBW and ECW. 
The observed findings for the series as a whole showed no change 
in blood volume, an increase of 3.7 l in ECW, and a decrease of 
1.5 I in ICW as compared to predicted values based on current 
weight. Compared to predicted values based on normal (pre- 
illness) weight, the observed body weight decreased 16% and ICW 
decreased 22%; this suggests that body weight consistently under- 

estimates the extent of nutritional depletion. Severe depletion 
| seen in postoperative patients indicates that frequently earlier use 
of total parenteral nutrition would be beneficial. ICW was found 
to be the most reliable single index of moderate or severe nutri- 
tional depletion; errors in estimating normal values interfere with 
its use in mild depletion. The ratio of ECW:TBW best reflects 
distortion of body water composition; it is largely independent of 
weight, and is a more sensitive index than absolute values of ICW. 
Repeat measurements of body composition were made on 9 pa- 
tients given total parenteral nutrition for an average period of 18 
days. On the average, there was an ECW decrease of 1.81, a body 
weight increase of 2 kg, and an ICW increase of 3.2 I after 
parenteral nutrition. The increased ICW represents the repletion 
of half of the average initial deficit of 6 1. The initial ratio of 
ECW:TBW of 0.58 was reduced to 0.50, returning it about 
three-quarters of the way to the expected normal value of 0.48. 
Intravenous administration of 5% glucose as sole source of 
calories may be a factor in distortion of body water compart- 
ments. 
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URRENT PRACTICES in intravenous feeding seriously 

lag behind advances in both nutritional understanding 
and techniques. Many nutritionally depleted persons are 
starved for weeks by the administration of small amounts 
of glucose as the sole source of calories, despite the ready 
availability of adequate intravenous diets. Furthermore, 
a growing body of evidence suggests that a daily dose of 
50-200 g glucose as sole calorie source may have harmful 
effects; e.g., extensive information comes from studies 
on malnutrition in children of undeveloped countries 24!” 
and in experimental animals.? These studies show 
two main types or extremes of protein-calorie deficiency 
corresponding approximately to the syndromes of 


. marasmus and kwashiorkor. Marasmus arises from in- 


adequate intake of a diet in which protein and total 
calories are in approximate balance; there is wasting and 
failure to grow, but body composition remains relatively 
normal. Kwashiorkor results from intake of little or no 
protein with more or less adequate calories derived 
mainly if not entirely from carbohydrate. In this condi- 
tion there is marked expansion of extracellular water 
(ECW) with pitting edema, ascites, and anasarca. There 
is also decreased cell mass, decreased plasma albumin, 
marked changes in plasma amino acid and enzyme pat- 
terns, fatty liver, and loss of hair pigment. One week of 
carbohydrate feeding can produce the fully developed 


kwashiorkor syndrome in an already undernourished 
child?! 
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TaBLE LA. Clinical Data of Postoperative Patients 
Intraop & 
Estimated Intraoperative immediate postop 
Blood Urine Fluid 
No. Age, Sex Diagnosis Operation Loss (ml) Output (ml) Replacement (ml) 
2 30, M Ulcerative colitis and Subtotal colectomy 500 300 4,000 Saline 
thrombocytopenia 
3 30, M Obesity (340 lbs.), multiple | Laparotomy, drainage 1,000 600 500 Blood, 750 Albumin, 
hepatic abscesses of abscesses 1,700 Sahne 
5 20, M Renal artery stenosis Vein graft from aorta 
to left renal artery 2,500 1,500 Blood 
6 80, M Sigmoid carcinoma with Colostomy 500 1.000 Saline 
intestinal obstruction, 
perforated cecum, peritonitis 
and dehydration 
7 82, M Strangulated inguinal hernia Hernioplasty 300 150 500 Blood. 1,000 Saline 
8 68, F Chronic esophagitis with Thoracotomy and 1200 200 1,500 Blood 
stricture esophagogastrectomy 1,000 Saline 
9 35, F Aneurysm, right posterior 
Communicating artery Aneurysmal clipping 700 1,500 2,000 Saline 
13 81, M Carcinoma of stomach, Esophagogastrectomy, 4,000 Saline 
cardia pyloroplasty 2,000 500 Blood 
16 46, M Stomal ulcer, upper GI Thoracotomy, 
bleeding vagotomy 1,230 200 2,000 Saline 
20 81, M Carcinoma, rectum Abdominoperineal 1,500 Blood 
resection 350 138 1,700 Saline 
21 TL, F Aortic aneurysm Aortofemoral 2,300 Blood 
bypass 2,500 454 2.100 Saline 
22 73, F Upper GI bleeding, Gastrectomy, 
cholecystitis Cholecystectomy 500 150 1,700 Saline 
27 60, F Cerebral hemangioma Craniotomy 1,200 450 2.700 Saline 
29 60, F Rupture aneurysm of Craniotomy and clip- 
post communicating artery ping of aneurysm, 
Evacuation of hematoma 800 300 2,000 Saline 
30 77, M Meningioma, frontal area Removal of frontal 
diarrhea, Na hypoproteinemia meningioma 600 720 1,500 Saline 
31 45, F Meningioma, recurrent Craniotomy 800 350 1,200 Saline 





The implications for intravenous feeding of patients 
seem obvious. If carbohydrate feeding has such marked 
effects on children and experimental animals, it may be 
presumed to have some effects on adults. Intravenous 
administration of glucose as sole calorie source will be 
harmful if given in sufficient quantities over sufficient 
periods. It remains to determine what quantities over 
how long are required to do damage, and how the extent 
of damage is affected by the prior nutritional state of the 
patient. 

Body composition measurements can be useful in 
diagnosis and evaluation of the degree of nutritional de- 
pletion. Deficits of intracellular water should closely ap- 
proximate losses of body cell mass. Expansion of ECW 
also occurs with undernourishment and may reflect the 
effects of predominantly carbohydrate diets. 

Frequently, knowledge of the changes in total body 
water (TBW) and its distribution is of crucial importance 
in the day-to-day care of the critically ill patient. Since 
these fluid abnormalities often cannot be inferred from 
clinical observation at the bedside, direct quantitative 
measurements are needed to define the major problems 
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and to suggest possible improvements in therapeutic ap- 
proaches. 

The present study documents body composition mea- 
surements in critically ill postoperative and nutritionally 
depleted patients. The possible relationships of the body 
water dislocations to protein-calorie deficiencies and to 
prior intravenous therapy are explored. 


Materials and Methods 


Protocol and Clinical Material 


We studied blood volumes (BV), TBW and ECW in 31 
patients suspected of fluid dislocations during the 18 
months from December 1971 to June 1973. Prior reports 
were made of certain aspects of the data from some of 
these patients.1°'*3637 The patients have been divided 
into groups: (a) 16 critically ill postoperative patients 
(postoperative group); (b) 11 patients with severe nutri- 
tional depletion from chronic wasting diseases (depleted 
group); and (c) 4 depleted patients who also had clinical 
evidence of dehydration (depleted-dehydrated group). 
We also studied a control group of two normal subjects 
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TABLE 1B. Clinical Data of Depleted Patients 





Age, Sex Diagnosis 





| 59, M_ Recurrent cerebellar tumor 
10 44, M Extensive abdominal and vertebral A-V malfor- 
mations since the age of 3 yrs., recent bleeding 
into spinal canal; kyphoscoliosis, paraplegia, 
weight loss and debility 


i] 27, F Regional ileitis 

12 36, F Chronic meningitis. revision of ventriculo- 
pleural shunt 5 months previously 

i4 37, F Ulcerative colitis, weight loss, chronic wasting 

23 65. M  Carcinomatosis with severe weight loss and chronic 
wasting 

25 72, M Terminal carcinomatosis (colon) 

26 71, F Diabetes mellitis, weight loss, anorexia 

28 67, M Upper GI bleeding. acute renal failure, gastric 
fistula 

33 75, F  Debility, carcinomatosis 

34 63, M Giant duodenal ulcer, previous ileal resection 


with short bowel syndrome (debility and weight 
loss) 





and one patient with myasthenia gravis who was other- 
wise healthy. 

Repeat studies were made on 10 patients after varying 
periods (mean 18 days) of therapy; Patients were given 60 
to 80 kcal per kg per day by standard total parenteral 
nutrition (*hyperalimentation'") technique.!/9?5 When 
bowel function returned, oral or tube feeding was started 
and gradually increased. When 2000 kcal was well toler- 
ated orally, intravenous feeding was gradually curtailed. 
In 8 patients, exchangeable potassium (Ke) was mea- 
sured. The clinical data are summarized in Table 1. 


Body Composition Measurements 


Plasma volume and blood volume were measured by 
dilution of "I.radioiodinated human serum albumin. 
Three to five microcuries (u Ci) were accurately mea- 
sured and injected. Blood was sampled prior to and at 5, 
10 and 20 minutes after injection. Duplicate 1 ml aliquots 
of plasma were counted together with standard dilutions 
of the injection fluid in a well type y-scintillation counter. 
The zero time value was obtained by extrapolation from 
the 5, 10 and 20 minute samples. Blood volume was 
calculated from plasma volume and hematocrit with cor- 
rection factor (0.874) for the packing fraction and large 
vessel/whole body hematocrit ratio. 

Total body water (TBW) and extracellular water (ECW) 
were determined simultaneously by dilution of tritiated 
water and "Br respectively using a procedure modified 
from that of Moore et al.,?” 100 u Ci of? HO and 8 u Ci of 
NH,* Br were accurately measured and injected. Blood 
and cumulative urine samples were collected prior to and 
at 2, 3 and 5 hours after injection. 

The radiobromide of 2 ml aliquots of plasma and urine 
was counted in a well type y-scintillation counter in dupli- 
cate together with appropriate dilutions of the injection 
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Faste IC. Clinical Data of Depleted-Dehydrated Patients 


No. Age, Sex Diagnosis 

17 43, F Ulcerative colitis with chronic diarrhea 

19 56, F Gastric fistula, anorexia, weight loss 

32 67, M intracerebral hemmorrhage, with coma, 
diarrhea and chronic wasting 

35 38, F  Insulinoma of pancreas with hypoglycemia 


diarrhea and chronic wasting 


fluid. Bromide remaining in the body was taken to be the 
injected dose less cumulative urinary losses; bromide 
space was calculated from that remaining and the specific 
activity in plasma. The 3 and 5 hour samples were aver- 
aged and corrected for Donnan effects and erythrocyte 
content?! to give extracellular water. 

For tritium determination, duplicate samples of plas- 
ma, urine and standards were vacuum distilled. One ml 
aliquots of the distillate were added to 20 ml of a liquid 
scintillator solution and counted in a y scintillation count- 
er. The injected dose of tritium was corrected for measured 
urine losses and esumated insensible losses. The average 
of the 3 and 5 hour samples was used to calculate total 
body water. 

Intracellular water (ICW) was taken to be TBW-ECW. 

Exchangeable potassium (Ke) was determined with 
* K 7 One hundred and fifty u curies (wCi) was injected. 
Urine was collected for 12 hours prior to and three days 
after injection. Concentration of Kt was determined with 
a flame photometer. Radioactivity of 2 ml aliquots of 
urine was measured in a well type scintillation counter. 
On day 2 and 3, when counts were very low, the potas- 
sium from 15 to 30 ml of urine was adsorbed on a 2 ml 
slurry of cation exchange resin for counting purposes. 
Standard dilutions of the injection fluid were also 
counted. The injected dose was corrected for urinary 
losses and divided by the specific activity (cpm/mEq) to 
give total Ke. Calculations were usually made for those 
urine samples collected from 20-28, 36-44, and 60-68 
hours after injection. These values were plotted against 
time. If the plot indicated that complete equilibration was 
nearly approached, the value for the 60-68 hour sample 
was taken as the Ke. 


Counting Procedure and Isotope Interference 


All samples were counted until the counting error [(200 
X VN)/N] was between | and 2%. Both * Br and K emit 
radiation over a broad and overlapping range. Radiation 
from '?I is confined to a narrow low energy band. All 
counting was performed in a 2 channel system. One win- 
dow was set to include most of the *Br and *K peaks but 
no radiation from I. When I was counted in the 
presence of *Br a correction could be made for ??* Br 
radiation in the I window. ™ I or *Br were never 
counted in the presence of *K. This was quite feasible, 
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even on repeat determinations, because of the short halt- 
life (12 hours) of *K. When 2K was counted in the 
presence of Br, the bromide was removed by passing 
the urine over an anion exchange resin. In most in- 
stances, contamination of "?I with * Br was avoided by 
injecting the bromide just after completing the plasma 
volume determination. Contamination of tritrium by the 
other isotopes was completely eliminated by the distilla- 
tion procedure. This also eliminated problems of variable 
quenching ?* 


Derivation of Expected and Normal Values 


Expected values for blood volume were obtained from 
the equations of Nadler et al? based on height, weight 
and sex. 

Expected values for TBW were derived from age, 
weight and sex, using the nomogram of Moore et al.” 
Expected values for ECW, ICW and Ke were obtained 
from age, sex and the value for TBW according to the 
regression equations of the same authors. 

Expected normal values for weight were derived from 
height and sex using age-height-weight tables for insured 
persons in the United States." In 11 instances, normal 
pre-illness weights were obtained as part of the patient's 
history. The mean of values obtained from history were 7 
+ 15% (S.D.) less than that of the tables; this difference 
was not statistically significant. The standard deviation 
indicates that for a series of 11 patients, the uncertainty in 
mean values will be of the order of 4%, and does not 
negate any of the conclusions. 


Statistical Methods 


The probability (P) that a given set of observed values 
belong to the same population as the corresponding ex- 
pected values was calculated from a sign test. For exam- 
ple, in Table 2 there were 16 observations of ECW for 
postoperative patients. There were 13 positive and 3 
negative differences. From the binominal distribution, 
the likelihood that three or less negative values would 
occur by chance is 0.01 indicating that, statistically, the 
observed values are significantly above the expected val- 
ues. 


TABLE 3. Observed and Predicted Ratios of Extracellular to Total 
Body Water for Patient and Control Subjects 


BENE M M 


Number of 

Subjects Observed Predicted Difference 
MIND a LEE LE 
Postoperative [6 0.55 0.48 t.07 
Depleted E 0.59 0.48 +.11 
Depleted-dehydrated 4 0.45 0.46 — 02 
All patients 3i 0.55 0.48 + 07 
Controls 3 0.43 0.45 — ,02 
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Results 


Changes in Body Composition from Predicted Values 
Based on Current Body Weight 


In comparing average values for the entire series of 
patients to predicted values based on current weight, 
there was no change in blood volume,* an ECW excess of 
3.7 L (P<0.01)** and an ICW deficit of 1.5 L (P<0.015) 
Table 2). The slightly increased TBW, which was not 
statistically significant, reflected a balance between in- 
creased ECW and decreased ICW. 

The depleted and postoperative groups considered 
separately had similar patterns to each other and to the 
series as a whole; both groups had marked body water 
dislocations in which the ECW was greatly expanded 
compared to the ICW or TBW. Expected ratios of ECW: 
TBW are a function of age and sex and ranged from 0.40 
fora 15-year-old boy to0.50for 80-year-olds of either sex,” 

The mean expected values varied between 0.45 and 0.48 
for the several groups of patients and control subjects 
(Table 3). The observed values of 0.55 and 0.59 for the 
postoperative and depleted patients, respectively, were 
markedly increased above predicted values. By contrast, 
the depleted-dehydrated patients had no change in this 
ratio and relatively normal water distribution. 


Changes in Body Weight 


Observed weights in all 3 patient groups were signifi- 
cantly less than predicted normal values (Table 2). The 
control subjects were slightly decreased from expected 
values, but this was not statistically significant. The 
weight loss of the postoperative patients was obscured by 
patient 3 who was very obese. Without patient 3 the mean 
weight loss for this group was 11.9 instead of 6.5 kg. This 
was not significantly different from the weight losses of 
the depleted and depleted-dehydrated groups (mean 14.4 
kg). 


Changes in Body Composition from 
Expected Normal Values 


The deficits in ICW shown in Table 2 were relatively 


*We previously reported a blood volume deficit averaging 0.53 I for a 
subset of the patients reported here?" This discrepancy is largely due to 
the choice of expected values. We formerly used the method of Davis? 
which assumes a direct proportionality between blood volume and 
surface area. The method of Nadler et al.” used in the present report is 
derived by regression of blood volume against either surface area or h? 
X wt, and gives much better predictions in a large number of normal 
subjects than the Davis procedure. Applied to the entire series of 
subjects reported here, predictions by the Davis procedure averaged 0.4 
! more than those by the Nadler method. 

**Reports of postoperative contraction of “functional” extracellular 
water? are not in conflict with these findings. "Functional" ECW 
refers to that part of the total ECW with which the tracer, ?SO,, is in 
rapid equilibration. Contraction of "functional" ECW has been ob- 
served to occur simultaneously with expansion of total ECW. 
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TABLE 4. Observed Body Composition Values Expressed as Per Cent Deviation from 
Predicted Values Based on Current as well as on Normal Expected Weight 





uM iii e —— NR 
Per Cent Deviation from Predicted Values 
Based on 

No. of Current Weight Normal Weight 

Subjects ECW TBW ICW Wt, ECW TBW ICW 
"ipM IEEE M UT NR aE E to ast necro oto mn ig RR 
Postoperative 16 +25 + 7 = 7 ~10 +l "4 0-9 E 
Depleted 11 +39 +13 - 12 -22 +15 = Pom 28 
Depleted-dehydrated 4 — 8 - 6 ~ 4 —24 cf -24 22 
All patients 30 +25 + 7 - 9 — 16 eT o 0 & 22 
Controls 3 — | + § + 9 - 3 ~ 3 + 3 + 7 


modest and by themselves understate the extent of nutri- 
tional depletion. A better estimate was obtained when 
weight losses and relative compositional changes were 
combined. This was done by comparing observed values 
to predicted values based on normal preillness weights 
(Table 4). ICW deficits for all patients averaged 996 based 
on current weight and 22% based on normal weight. As 
compared to ICW losses, weight losses underestimated 
the extent of depletion except in the dehydrated patients. 
This was more marked in some individuals than in others. 
For instance, patient 27 had a weight loss of 496 and an 
ICW loss of 4296 based on expected normal values. 

The pattern of postoperative and depleted patients is 
quite similar because many of the postoperative patients 
were also nutritionally depleted. If one uses a 20% deficit 
of ICW as an arbitrary definition of severe nutritional 
depletion, 9 out of 16 postoperative patients and 9 out of 
[5 depleted patients would be classified as severely de- 
pleted. Five of the postoperative patients and one of the 
depleted patients had little or no nutritional depletion as 
indicated by less than 1096 deficit in ICW. Except for the 
depleted-dehydrated group, all but one exhibited marked 
distortion of the ECW:TBW ratio. 

Relative weight losses (16%) were twice as great as 
losses of TBW (896). This reflects two processes: 1) 
proportional increase of ECW which has a high water 
content; and 2) use of fat depots which have a low water 
content. 


Changes of Exchangeable Potassium Compared to ICW 


Exchangeable potassium (Ke) was measured in 8 pa- 
tients and 2 control subjects as an independent method 
for estimation of changes in cell mass. The average ICW 
and Ke values of the patients were -26% and —41%, re- 
spectively; the average values of the controls were + 10% 
and +3%, respectively, of their expected norms. 


Effects of Parenteral Nutritional Therapy 


Body composition measurements were repeated after 
parenteral nutritional therapy in 9 patients, 5 were de- 
pleted and 4 were postoperative. There were modest but 
variable increases in weight and TBW. Changes in ECW, 
which were also variable, decreased 1.81 on the average. 
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All but one patient had marked increased ICW which : 
averaged 3.2 | or 2796 of the starting values. The mean § 
deficit in ICW before treatment was 6.01; 53% of this was 
restored during the 18 day period of therapy. The mean 
ratio, ECW:TBW, for these patients was 0.58 before and 
0.50 after therapy, the predicted normal value being 0.48, | 
Thus, therapy returned this ratio about three quarters of B 
the way back toward expected normal values (Table 2i 
Concurrent with these body compositional changes 
were pronounced clinical improvements in all patients. 
Several patients who were comatose at the start of paren- 
teral nutrition returned to a conscious state within 
periods ranging from a few days to a few weeks. During 
therapy, the subjects changed from negative to positive 
potassium balance and exhibited substantial improve- 
ment in serum albumin and sodium concentrations. _ 


Discussion 


Intracellular Water as an Index of 
Nutritional Status 


Estimation of nutritional status in seriously ill patients 
is difficult, particularly in protein-calorie mainutrition for 
which there are no highly specific tests. Weight loss, 
nutritional history, and plasma sodium and albumin con- 
centrations are the most readily available indices. 
Sodium and albumin concentrations are affected by other 
than nutritional changes and at best provide only a rough 
index of malnutrition. Likewise, nutritional history pro- 
vides only a gross qualitative picture of nutritional status. 
Weight change, which probably is the most reliable and 
quantitative of these indices, also has drawbacks. The 
preillness weight, which usually is obtained by question- 
ing the patient, may be unreliable and current weight may 
be hard to obtain in the bed ridden subject. Weight loss 
may represent loss of either fat or lean body mass with 
quite different nutritional implications. Most importantly, 
expansion of the ECW, whether from nutritional or other 
causes, may obscure losses of body cell mass. Thus, in 
our series of patients, weight loss averaged 16% as com- 
pared with 22% ICW loss. In individual cases this discre- 
pancy was much greater. 

Loss of body cell mass is more appropriate than weight 
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TABLE 5. Effects of Parenteral 


Nutrition on Body Composition 


E e I t i a M 





Patient Increases (+) or Decreases (— 
No. Type Body weight ECW 
kg liters 
i Depleted +6 Ei 
9 Postop +] -1.0 
10 Depleted =] +2.2 
12 Depleted *3 +10 
i4 Depleted -4 -—-5.0 
25 Depleted 0 Par 
Zi Postop +7 *0.2 
29 Postop *6 -0.4 
3i Postop 0 4.34 
Mean +2 — 1.8 
S.E.M. 1.2 1.3 


Time 
Between 
) After Parenteral Nutrition for: Measurements (days) 
TBW ICW 
IMMUNE a a 
liters liters ot 
—-0.2 48.9 +63 25 
eh +2.1 +17 14 
+§.7 +3.5 +32 l4 
+3.0 +2.0 +25 14 
~3.8 +1.2 +13 lI 
+0,2 +5,9 +36 6 
44.9 4.7 +50 38 
-i.i eod — 6 27 
*2.5 +1.2 +10 B 
+1.4 3.2 +27 18 
1.0 1.0 7 





loss as an index of protein-calorie depletion.*’ Two 
measurable quantities, closely related to body cell mass, 
are intracellular water and Ke. The latter may be mea- 
sured directly and, given enough care and time, with 
considerable accuracy. However, measurement of Ke 
presents serious technical difficulties for critically ill pa- 
tients in the routine laboratory setting. Equilibration time 
is three days in normal subjects and may be longer in 
seriously ill patients. The maximum permissible dose of 
2K is 150 «Ci, its half-life is 12 hours. By three days after 
injection the specific activity is so low that the potassium 
in urine or other fluids must be concentrated in order to 
minimize counting errors. Even with accurate three day 
counts there is no guarantee that equilibration is com- 
plete in sick patients, accurate counting on the fourth day 
is almost impossible, and the information is not available 
for use in patient management until four days after start- 
ing the determination. In addition to technical problems, 
there are problems in interpretation. In heart failure and 
other diseases, loss of potassium may be proportionately 
much greater than loss of body cell mass.!'*?? Under these 
circumstances, Ke ceases to be an index of nutritional 
depletion. In our opinion, these problems make Ke un- 
suitable for routine clinical estimation of body cell mass. 

An alternative approach is to measure ICW. The rela- 
tive composition of cells and in particular, their water 
content, presumably fluctuates within narrow limits. 
Therefore, major changes in the body cell mass are re- 
flected in ICW changes. Acute changes in intracellular 
water may occur in dehydration states’ and after cardiac 
surgery,” these are of the order of 5 to 10% of total 
ICW and are approximately at the limit of sensitivity of 
the methods used. Acute changes of this order of mag- 
nitude should not seriously interfere with use of ICW as 
an index of body cell mass. 

Measurement of ICW must be made indirectly, as the 
difference between TBW and ECW. TBW is readily mea- 


sured by dilution of tritiated water, ECW has been mea- 
sured by dilution of a variety of tracers including inulin, 
sucrose, thiocyanate, and isotopically labelled chloride, 
sulfate and bromide. Of these *Br^ is most suitable for 
clinica: uses because It is easy to determine and reaches a 
quite stable concentration in plasma within a few hours 
even in sick patients.5^12:1722,2427312539 The measure- 
ment wit: both tritiated water and * Br have been shown 
to be highly reproducible in normal subjects?* By this 
procedure a complete determination of ECW, TBW and 
ICW pay be performed within 24 hours and requires no 
more than four to five 16 ml blood samples. 


Extent of Cellular Penetration of Bromide 


Bromide does enter cells to some extent, so that it may 
overestimate ECW. However, in normal subjects errors 
due to cellular penetration appear to be small and repro- 
ducible. A potentially more serious disadvantage is that 
permeability of cells to bromide may increase in various 
severe illnesses, so that increased bromide space in 
ill patients may in part reflect increased bromide penetra- 
tion into cells; this overestimates the ECW and under- 
estimates the calculated ICW. As an approach to estimat- 
ing the extent of this problem, we compared Ke and ICW 
measurements; the data indicate that ICW calculations 
consistently underestimate deficits in body cell mass as 
compared to Ke measurements. In part, this may be due 
to failure of the potassium to reach complete equilibra- 
tion by our procedures in a routine laboratory setting. 
The findings of Moore et al. show a very close correla- 
tion of Ke with ICW in normal subjects and patients with 
wasting diseases. Thus, data from both laboratories indi- 
cate that bromide and tritiated water do not overestimate 
ICW deficits as compared to measurement of Ke. 

Cleland et al.” have reported apparent increases of 1-2 
liters in ECW at the expense of ICW after cardiac 
surgery. These changes were most pronounced in pa- 
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tients with preoperative cardiac failure. These were mea- 
sured by changes in dilution of *Br- and 'H;O pre- and 
postoperatively. They have reported similar shifts in 
hypoxic dogs 9? Dogs were made to breathe a mixture of 
376 O:-95% N,. Within five minutes, ECW, measured by 
“Br dilution, increased by 5%, but remained stable 
thereafter. These shifts can be explained as due to shifts 
in water from one compartment to another, changes in 
membrane permeability to Br, or to both; when they 
occur they introduce an error in the use of ICW as an 
index of nutrition. This error may be as high as 1092 in 
cardiac failure but in general appears to be smaller. 

Nicholson and Zilva?! have interpreted very high val- 
ues of ECW, up to 5092 of body weight, as indicating 
increased cell permeability to Br- in preterminal car- 
cinomatosis. We have measured both TBW and ECW in 
a 46-year-old woman, one week prior to death from a 
metastasized ovarian carcinoma. She had a body weight 
of 35.8 kg, TBW of 27.8 l, and ECW of 21.] l; she was not 
edematous. Thus, her ECW, although 59% of body 
weight, was entirely consistent with an ICW of 7.7 | and 
total solids (obtained by subtracting TBW from body 
weight) of 8.0 kg. Therefore, we conclude that abnor- 
mally high values of ECW actually occur in this type of 
patient and cannot, per se, be considered as evidence of 
increased permeability to Br. 


Reproducibility of ICW Measurements and 
Comparison to Predicted Values 


In ill patients, variation of ECW and ICW with time is 
too great to test reproducibility of the method by multiple 
determinations in one individual, but the normal subject 
may be expected to have a more constant composition. 
Hyatt and his group? made duplicate measurements of 
body composition in 43 healthy young men at one week 
intervals. Their methods for measuring ECW with ? Br- 
and TBW with?H,O were very similar to ours except that 
they took six samples at hourly intervals after injection 
and extrapolated to zero time. We, in accordance with 
Moore et al.” used the average of the three and five hour 
sample. Our method would tend to give higher values for 
ECW, in part because we would include transcellular 
water which accounts for about 592 of ECW; extrapola- 
tion to zero time excludes most of the transcellular water. 
Dr. Kenneth H. Hyatt has very kindly made available to 
us the individual measurements on these 43 men which 
were not published in detail.?5 In 38 of the men, duplicate 
measurements were made of both ECW and TBW per- 
mitting calculation of ICW. The mean values for all sec- 
ond determinations of ICW differed negligibly (—.0492) 
from the mean for all the first determinations; 19 of the 
second determinations were greater, 19 less than the first 
determination. The average difference between first and 
second determinations, regardless of sign, was 4.3%, 
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since the true value should tend to lie between the two 
determinations, the probable error of any one determina- | 
tion of ICW is less than 4%. In ill patients with fewer | 
blood samples the probable error wil] undoubtedly be 
SOmewhat higher, probably in the neighborhood of 5%. 

We have compared 79 estimations of ICW observed in 
the 43 men to the predicted values based on the regres- § 
sion equations derived by Moore et al.” On the average 
the observed values were 10.5% higher than predicted, 
This may be explained in large part by the differences in | 
methodology, discussed above, since the procedure of § 
Hyatt and co-workers? should give lower values of ECW 
and therefore higher values of ICW than that of Moore et 
al. on which the regression equations were based. Of 
more interest with respect to ill patients is the variability 
of the individual deviations. Each individual observation 
Was compared to a predicted value corrected by adding 
10.5%. The S. D. of the differences between these values 
was found to be 11.6%, indicating that in two-thirds of the 
cases, the observed values were within 11.6% of the 
predicted values. 

These data suggest that the major source of error in the 
use of ICW as an index of nutritional depletion comes in 
predicting the normal values, and this error is only of the 
order of 12%. This limits the usefulness of ICW in mild 
depletion. When sequential measurements of body com- 
position can be made and compared in the same indi- 
vidual, the major errors are technical and of the order of 
376. In our opinion, the ICW remains the single most 
useful index of moderate or severe nutritional depletion. 
Extracellular Water: Total Body Water Ratio 

This ratio, related to ICW, is largely independent of 
body weight or fat content and dependent only on age and 
sex. It is increased in illnesses reflecting expansion of 
ECW, contraction of ICW or both; it varies within nar- 
row limits in the normal population." Therefore, it is 
more reliable than ICW, although not a direct index of 
nutritional depletion. An increase of 0.05 in this ratio 
from predicted values suggests significant dislocation of 
body water. 


Incidence of Severe Nutritional Depletion 


The data reported here indicate that severe protein- 
calorie depletion remains an important problem: in 18 
months, 18 of 31 patients studied were severely depleted. 
This includes only those patients admitted to the ICU so 
that these figures underestimate the actual incidence of 
severe malnutrition at this hospital. The high incidence of 
malnutrition among those patients admitted for post- 
operative care rather than for repletion therapy indicates 
that, even at this stage of depletion, the relation of mal- 
nutrition to serious illness was not suspected. While 
some of these patients were undernourished on admis- 
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sion, most of their nutritional depletion occurred in hos- 
pital. Other reports ‘ndicate that there is a low awareness 
of nutritional requirements in many hospitals." 


Diagnosis and Treatment of Severe 
Nutritional Depletion 


There is little doubt that severe nutritional depletion 
makes a substantial contribution to morbidity among Sur- 
gical patients 2:1921394^ During the past 10 years practical 
procedures for adequate parenteral nutrition have be- 
come available and are effective in preventing and treat- 
ing most cases of severe depletion. In this country the 
most readily available procedures are variants of in- 
travenous hyperalimentation, popularized by Dudrick 
and co-workers.'® In this procedure, hypertonic glucose 
with amino acid solutions, vitamins, and minerals are 
infused continuously through a central venous catheter. 
Because of the problems of long term maintenance of this 
catheter, total parenteral nutrition is frequently restricted 
to special care environments. In countries where fat 
emulsions are given intravenously, adequate intravenous 
feeding may often be achieved via peripheral veins and 
the need for special care facilities is lessened. 

Despite its availability, adequate parenteral nutrition is 
not provided to all patients who would benefit from it. 
There are several factors which account for this. One 
factor is its lack of availability on general services. If 
adequate parenteral alimentation is only supplied in spe- 
cial services such as the ICU, it will be given only to 
patients sick enough to warrant ICU admission and, 
therefore, cannot be used as a preventive measure. If the 
depleted patients had been given adequate nutrition on 
the general service, many of them would not require ICU 
admission. Adequate parenteral nutrition availability on 
the floors is feasible and this would permit its wider use 
as a preventive rather than a therapeutic measure. 

Another factor is the failure of many physicians to 
recognize the appropriate time for nutritional therapy. 
This is largely because of its limited availability; it does 
little good to be aware of a need which cannot be met. 
Ready availability of adequate intravenous nutrition 
would largely eliminate this problem. 

A third factor is the unavailability of diagnostic 
methods for nutritional depletion. Physical appearance 
and nutritional history give qualitative assessments of 
depletion, but not quantitative ones. Weight loss pro- 
vides useful quantitative information, but frequently un- 
derestimates the degree of depletion, since there may be 
a relative ECW expansion. As discussed above, the best 
method for quantifying nutritional depletion is estimation 
of the loss of body cell mass by ICW. 

A fourth factor is the poor definition of what consti- 
tutes sufficient nutritional depletion to require nutritional 
therapy. It is clear that severe depletion contributes sig- 
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nificantly to mortality 246212349 At the other end of the 
spectrum, mild weight loss (5-10%) is not usually consid- 
ered to require nutritional therapy, although there is little 
objective evidence to document this position. Weight loss 
between 10 and 30% may be seriously detrimental, al- 
though again there is little quantitative evidence which 
demonstrates a correlation between degree of depletion 
and morbidity. The degree of depletion which requires 
adequate intravenous nutrition is probably in the range of 
10-20% of body cell mass. It should be a major objective 
of further clinical investigation to define more precisely 
this point in terms of the correlation of nutritional deple- 
tion with morbidity. 

Nutritional Implications of Extracellular 

Water Expansion 

Expanded ECW has been reported in wasting dis- 
eases?’ and in German soldiers on repatriation from Rus- 
sian prison camps after World War I1?5 Findings in both 
these studies are very similar to those reported here. 
ECW was expanded on a relative and frequently on an 
absolute basis despite considerable weight loss, and even 
greater relative loss of body cell mass. Expanded ECW 
has been found by others after weight loss, 6?!?? post- 
operatively 1517225273334 and after resuscitation from 
trauma and hemorrhage. ? In part, acute increases in 
ECW may result from administration of saline or other 
crystalloid solutions. However, similar treatment in nor- 
mal individuals does not result in ECW expansion. Re- 
tention of administered fluids in acutely ill subjects must 
be partly due to other factors. One of these factors may 
be the administration of carbohydrate as sole caloric 
source. This is likely in chronic patients with weight loss, 
since ECW expansion is also characteristic of kwashior- 
kor. That intravenous glucose administration may pro- 
duce fluid retention acutely is suggested by Gamble's 
findings? that glucose administration to fasting, healthy 
young men markedly reduces Na* excretion; this effect is 
increased when NaCl is given simultaneously. 

The possibility that ECW expansion is a side effect of 
intravenous dextrose administration has potentially seri- 
ous implications to patient management. Expanded ECW 
is considered undesirable, as it may contribute to the ‘wet 
lung’ syndrome.’ This provides an additional impetus to 
find substitutes for 5% glucose as the routine intravenous 
fluid. One possibility is the use of 3% amino acid solutions 
as a supplement to, or substitute for, 5% glucose.” 
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MATTHEW N. 


A series of 94 patients with cutaneous malignant melanoma of the 
head and neck region has been studied. Fifty-three of the patients 
had regional lymph node dissections performed and the results in 
37 performed more than 5 years ago are presented. The policy of 
elective lymph node dissection for invasive melanoma of the head 
and neck is strongly endorsed, although not proven by the data 
presented in this limited series. Whenever possible, a total exci- 
sional biopsy should be performed to establish the diagnosis. It is 
recommended that all melanomas be classified by the method of 
Clark and Mihm and that the level of invasion also be deter- 
mined. There is an appreciable error in the clinical evaluation 
of lymph nodes for metastases. In general, it is suggested that 
elective regional lymph node dissections be performed for in- 
vasive melanoma (levels HI, IV and V). The literature per- 
taining to cutaneous melanoma of the head and neck has been 
reviewed and surgical and pathological problems peculiar to 
lesions of this region are emphasized. 


HE HEAD and neck region has been reported to be the 

most common anatomic site for cutaneous malignant 
melanoma.!? It would seem that lesions in an area so 
readily visible would be detected at an early stage and 
therefore have a more favorable prognosis. However, 
melanomas of the head and neck remain as difficult to 
treat as those found at other sites. Five year survival 
figures have ranged between 30% and 45% according to 
several collected series. ?:*9??^* A rationale for effective 
treatment has eluded most investigators to the present 
time. The recent interest in uniform clinical and his- 
tologic classification may offer criteria for delineating 
appropriate therapy in individual cases. We have re- 
viewed our experience with cutaneous melanoma of the 
head and neck with particular reference to such clinical 
and histologic classification and have reviewed the ex- 
perience of others. 
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Methods 


In 1949 a study of malignant melanoma was initiated on 
the Tumor Service of the Department of Surgery at the 
New York University Medical Center. From 1949 to 
August, 1974 the authors have personally treated 94 pa- 
tients with cutaneous melanoma of the head and neck. 
Lesions of the eye and mucous membranes were not 
included in this review. Patients with lentigo maligna 
(freckle of Hutchinson) were excluded as well. Only pa- 
tients whose therapy was instituted for potential cure 
were included. All patients were followed by the operat- 
ing surgeon, after surgical therapy. Forty-nine of these 
patients have been treated in the last 5 years and are not 
entered in 5-year survival statistics, but are included in 
the total series. 

The following general principles were used for therapy: 

H) A total excisional biopsy of the melanoma was done 
wherever feasible. Larger lesions, particularly those clin- 
ically suspicious for lentigo maligna and lentigo maligna 
melanoma were diagnosed by a representative incisional 
biopsy.*? 

2) After the diagnosis of melanoma was confirmed, a 
wide and deep re-excision of the biopsy site was per- 
formed. In most instances, closure of the site of re- 
excision was achieved with the use of a split thickness or 
full thickness skin graft. 

3) Regional lymph node dissections, ''in continuity" 
with the primary lesion when possible, were done for 
invasive melanoma. Dissections were done not only 
when the nodes appeared to be positive by clinical evalu- 
ation, but for clinically uninvolved nodes as well. 

The contra-indications to elective regional lymph node 
dissection in this series of patients were: 

1) The melanoma which was classified as superficial 
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(now defined as levels I & ID. 2) The melanoma arising in 
a lentigo maligna (Freckle of Hutchinson) unless the 
lymph nodes were Clinically positive. 3) A primary site so 
Situated that the lymphatic drainage might be to several 
different groups of regional lymph nodes. 4) The pres- 
ence of serious intercurrent disease. 5) The elderly pa- 
tient (70 years of age or over). 6) The presence of distant 
metastases. 

Fifty-three patients had regional lymph nodes dissec- 
tions performed. Thirty-eight patients had elective opera- 
tions (clinically negative nodes) and 15 had therapeutic 
procedures (clinically positive nodes). There were no 
operative mortalities. 

In developing guidelines for the surgical treatment of 
melanoma, we are now using the clinical and histologic 
classification of the disease as described by Clark, Mihm 
and associates.979?7 Statistics regarding the success of 
various therapeutic approaches would be meaningless 
without a standard reference for pathologic classifica- 
tion. When considering melanoma of the head and neck 
particularly, an increase in the frequency of lentigo 
maligna melanoma in any series will alter the results 
favorably. 

Clark has defined three types of malignant melanoma: 
1) Lentigo maligna melanoma (LMM) 2) Superficial 
spreading melanoma (SSM) 3) Nodular melanoma 
(NMM). Lentigo maligna melanoma and superficial 
spreading melanoma evolve through a long, relatively 
superficial phase which has been referred to as the zen- 
trifugal growth phase. During this phase, which can Vary 
from one to 40 years, the tumors have a distinctive clini- 
cal appearance and, if removed at this time, a greater 
than 95% cure of affected patients may result. Nodular 
melanoma has no such radial growth phase but starts its 
growth directly in a vertical fashion. 

Clinical and pathologic studies have indicated that 
malignant melanoma can be further classified according 
to levels of invasion. Five levels of invasion have been 
described, ranging from level I where all the tumor cells 
are above the base membrane (in situ melanoma) to level 
V where the subcutaneous tissues are invaded. Experi- 
ence has shown a very low incidence of metastatic dis- 
ease in lentigo maligna melanoma and melanoma con- 
fined to the dermal-epidermal Junction or papillary dermis 
(level I and level I1).37 We have used levels of depth of 
invasion as one of our indications as to whether elective 
regional lymph node dissections are performed. We do 
not do elective lymph node dissections for level I or level 
II lesions but favor them for level HI or deeper 
lesions .!1:13.14 

Combination of classification type and level of inva- 
sion permits some precision in predicting the subsequent 
behavior of a given group of malignant melanomas. For 
example: malignant melanoma of the superficial spread- 
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ing type at level HI invasion, produces metastases in | 
about 896 of patients, while: malignant melanoma of the | 
nodular type at level V invasion probably causes death in 
greater than 80% of the patients 

We perform radical neck dissection for invasive 
melanoma (level III, IV, and V) whether or not regional 
nodes are clinically involved. Microscopic deposits of 
metastatic disease in regional lymph nodes are not palpa- 
ble. When the pathologist reports the nodes to be nega- 
tive on random study of a so-called "prophylactic or 
elective lymph node dissection", serial sections may still 
find the nodes to be positive .?? 

Excisions in the head and reck region must be con- 
sidered differently than those on the trunk or extremities, 
In areas other than the head and neck we usually recom- 
mend a 3-5 cm margin from the tumor site for excision 
with inclusion of the underlying muscle fascia. On the 
face, there are several additional factors to be consid- 
ered: 1) Disfigurement with wide excision. 2) The pres- 
ence of the facial nerve on deeper dissection. 3) The 
lymphatic drainage, especially in the parotid region. 4) 
The rich lymphatic and vascular network on the scalp 
and forehead. 5) The necessity for grafting on periosteum 
or even bare bone. In general, for wide excisions on the 
face a margin of 2-3 cm is used except on the scalp where 
a margin of 5-6 cm is suggested.* There is no one standard 
operation for melanoma of the head and neck. The 
technique for radical neck dissection has been well de- 
scribed in the literature 252939 Ig addition, the surgeon 
must be thoroughly familiar with the lymphatic drainage 
of the head and neck to adapt the operation for each 
individual location. Careful followup is essential to detect 
possible reappearance of the melanoma, occurrence of a 
second primary and the possibility of another, but differ- 
ent, neoplasm. 

Resuits 

During the study a total of 94 patients with cutaneous 
malignant melanoma of the head and neck were treated 
surgically. Fifty-three of these patients had a radical neck 
dissection for invasive melanoma. Thirty-seven of the 
neck dissections were performed more than 5 years ago. 
There was a 90% followup of these patients and all pa- 
tients dead from causes other than melanoma or lost to 
followup were counted as if they died from melanoma. 

An analysis of radical neck dissection for invasive 
melanoma performed on 37 patients more than 5 years 
ago is presented in Table 1. The following results are 
emphasized: 

I) When the surgeon believed the regional lymph 
nodes to be negative clinically and after removal they 
were reported by the pathologist on random sections to 
be negative as well, 6192 of these patients were alive and 
well 5 years or more after their treatment. 

2) Death of two patients in the category where the 
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surgeon believed the regional lymph nodes to be positive 
clinically, but after removal they were reported to be 
negative microscopically. 

3) There were 6 patients in the group in which the 
surgeon believed the regional lymph nodes to be negative 
clinically but were reported as being microscopically 
positive. All are dead. 

4) In the group in which the surgeon believed the re- 
gional nodes to be clinically positive and were reported as 
being microscopically positive as well, 17% of this small 
series were alive and well 5 years or more after the 
definitive surgery. 

Of the total number of patients who had a radical neck 
dissection done more than 5 years ago, 40% are alive and 
well. It is much too early to properly include the results 
in the 16 additional patients who had this procedure per- 
formed more recently. 

Table 2 presents our errors in clinically assessing the 
involvement of lymph nodes in the neck with metastatic 
melanoma. Of 34 patients in whom the nodes were mi- 
croscopically negative, two were considered positive 
clinically, an error of 696. Of 32 patients in whom the 
nodes were clinically negative, 6 were microscopically 
positive, an error of 19%. 


Discussion 


Although we believe that a wide and deep excision of a 
melanoma of the head and neck combined with radical 
lymph node dissection may control local disease and 
lymphatic spread there is no known control for the 
hematogenous spread of melanoma that has proven effec- 
tive. In this regard, one might speculate that local control 
using a rather extensive operative procedure in the head 
and neck region is not justified. It must be kept in mind 
that recurrent disease in this area is particularly disabling 
and disfiguring. Several of our patients developed distant 
metastases without evidence of local reappearance. The 
quality of survival may be markedly improved if an 
adequate local operation has been performed. 

We have reviewed the recent literature concerning the 
treatment of melanoma of the head and neck region and 
our results are not dissimilar to those of others (Table 3). 





Kragh and Erich reporting on the Mayo Clinic ex- 
perience” in 1960 found that of the 63 patients who had 
wide local excisions without neck dissection, {1 de- 
veloped local lymphatic metastases. 

Conley and Pack! in 1963 reported an over-all 5-year 
cure rate of 42%. Twenty-five per cent of their patients 
had evidence of local recurrence because of inadequate 
primary excision; 9.596 of the patients developed satel- 
litosis. On admission 48% had evidence of regional 
metastases on physical examination. The authors noted 
that primary melanomas of the scalp area had the highest 
incidence of regional metastases (76%). Local recurrence 
was highest in lesions of the scalp. The authors, there- 
fore, recommended a 5-6 cm margin for adequate primary 
excision in this area and stressed that all primary exci- 
sions should be accompanied by skin grafts. Eighteen per 
cent of the patients developed systemic metastasis with- 
out evidence of regional involvement. A total of 74 radi- 
cal neck dissections were done. Forty-eight patients un- 
derwent radical neck dissection for Stage II disease; the 
survival for this group of patients was 14 to 25%. 

Southwick and associates? in 1963 reviewed the ex- 
perience at the University of Illinois with cutaneous 
melanoma of the head and neck. No patient who had a 
recurrent lesion and clinical evidence of regional node 
disease was without tumor for 5 years. Four of 9 patients 
with metastatic disease and primary control survived. 
The prognosis for this group of patients was not signifi- 
cantly different from those who had an elective neck dis- 
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section. Evidence of metastasis subsequently developed 
in only one patient who was without evidence of regional 
node disease and who theoretically might have benefited 
by an elective neck dissection. These findings were in 
distinct contrast to the original series where 40% of a 
similar group of patients with originally clinically negative 
regional node areas required therapeutic node dissec- 
tions. The primary treatment suggested is adequate local 
excision if the neck is clinically negative. Elective neck 
dissections are reserved for patients in whom such dis- 
section can be performed in valid continuity or when the 
primary tumor is recurrent. 

Catlin? in 1966, reviewing his experience at Memorial 
Hospital with melanomas of the head and neck, con- 
cluded that the five year survival rate was better in pa- 
tients who underwent prophylactic neck dissection. 

Simons? reviewed the experience at the Mayo Clinic 
from 1950 to 1967 in the treatment of patients with 
melanoma of the skin of the head and neck. The over-all 3 
and 5-year cure rate was 44% and 42% respectively. The 
author reported 5 methods of treatment in these patients: 
1) One hundred twenty-five patients had wide and deep 
resection of the primary site and had no evidence of 
metastatic disease in the neck. Of this group 46% were 
alive and well at the end of 5 years. 2) Thirty-four pa- 
tients had a wide and deep excision of the primary 
melanoma and radical neck dissection for involved 
nodes. Thirty-two per cent of this group of patients was 
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alive and well at the end of 5 years. 3) Twenty-two 
patients had only radical neck dissection with a healed 
primary lesion or a primary lesion which was not located 
in the immediate vicinity. The 5-year cure rate was 14% 
for these patients. 4) Fifteen patients had a wide and deep 
resection of the melanoma and a prophvlactic radical 
neck dissection yielding a 80% 5-year cure rate. 5) 


= 
e 


Twenty-seven patients had a wide and deep resection of 


the primary melanoma and were later treated with a 


radical neck dissection when nodes became clinically 
enlarged. Only 19% of this group survived 5 years. It is 
interesting to note that in 20% of the patients who initially 
had negative nodes clinically, the nodes became clini- 
cally positive at a later date. In this group of patients 
subsequently treated with a radical neck dissection, the 
5-year survival rate was 19%. In a more recent review, 
the same author? concluded that when the nodes were 
clinically negative and histologically positive, the survi- 
val rate was 29%; when clinically negative and histologi- 
cally negative nodes were present, the 5 vear survival 
rate was 72%. 

Ballantyne,! in a review of 480 patients with melanoma 
of the head and neck treated at the M. D. Anderson 
Hospital, found that there was a 5.5% incidence of local 
recurrence in patients undergoing elective neck dissec- 
tion as opposed to a 9.5% incidence of local recurrence in 
those patients not undergoing an elective neck dissec- 
tion. 













































Fitzpatrick and associates, in 1972, reported their ex- 
perience in treating 79 patients with melanoma of the 
head and neck. The authors found that survival corre- 
lated well with level of penetration, intensity of lym- 
phocytic reaction and presence or absence of marginal 
spread. The authors felt that except for well-lateralized 
tumors, prophylactic neck dissection is unlikely to be 
rewarding. 

Knutson and associates," in 1972, reviewed their ex- 
perience treating 87 patients with melanoma of the head 
and neck at the Ellis Fischel State Cancer Hospital. The 
authors felt that by statistical analysis there was a 40% 
chance that differences observed in survival at 5 years 
among patients undergoing elective radical neck dissec- 
tion would not be reproducible and would be caused by 
chance. The propensity for superficial and invasive 
melanomas to recur following local excision was 
analyzed and the authors noted that the mean duration 
between diagnosis and recurrence for the superficial 
melanomas was 33 months as compared to 12.3 months in 
the invasive group. 

Wayte and Helwig’? reviewed the Armed Forces Insti- 
tute of Pathology experience with 85 patients with a 
melanotic freckle of Hutchinson. Most of these lesions 
were between | and 3 cm in size and the authors corre- 
lated larger lesions with the higher likelihood of discover- 
ing malignant melanoma (when the lesions were over 5 
cm in size there was a 75% chance of discovering 
melanoma in the lesion). The chance of a melanotic 
freckle containing malignant melanoma is greatest when 
the lesion is located on the torso and least when it is 
located in the head and neck region. Metastases do occur 
with melanomas arising from such freckles and 4 patients 
of 85 did develop metastatic disease. This low incidence 
of metastatic disease with lentigo maligna melanoma ap- 
pears to justify our conservative attitude in treating these 
lesions. In their series, fifty-three per cent of the melan- 
otic freckles did contain malignant melanoma. In those 
patients with melanoma arising from such freckles, the 
2-year survival was 85.7% and the 5-year survival was 
73% when adequate followup was possible. 

Conley and associates? in 1971, described a variant of 
malignant melanoma, the desmoplastic type. They de- 
scribed the initial lesion as an inconspicuous superficial 
pigmented lesion usually located in the head and neck 
region. This was followed by a deep infiltrating tumefac- 
tion of fibrous consistency. The appearance of the infil- 
trating mass from the pigmented skin lesion was usually 
between 6 months and 2 years. In most instances this 
infiltrating tumefaction was initially thought to represent 
fibromatosis or fibrosarcoma histologically. The true na- 
ture of the lesion was frequently revealed by examining 
the regional lymph nodes which were taken in a coinci- 
dental biopsy. Recurrent disease was usually manifested 
by a local appearance of a large subcutaneous firm mass. 
The author stressed the importance of awareness of this 
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entity when a surgeon is confronted with a patient with a 
stubbornly recurrent ‘‘fibroma’’ or ‘‘fibromatosis’’ 
which is associated with an antecedant inconspicuous 
pigmented lesion of the overlying skin. Use of electron- 
microscopy is suggested for accurate diagnosis. We have 
had 5 such cases in our experience and confirm the find- 
ings of Conley. 

Pack and associates? in 1970 reviewed 42 cases of 
melanoma of the external ear comprising 14% of the 
melanomas of the head and neck area in their series. 
Thirty-three per cent had regional lymph node metas- 
tases when first seen. 

Ward and Acquarelly of Los Angeles?? also reviewed 
their experience in treating malignant melanoma of the 
external ear. They reported that the ear is the site of 
malignant melanoma in approximately 1-10% of the re- 
ported cases of melanoma of the head and neck. The 
5-year survival for melanoma of the external ear is ap- 
proximately 22%. Melanomas in this site, as in other sites 
of the body, cannot be diagnosed by their appearance. 
Expert dermatologists were screened in this regard and 
their diagnostic accuracy was only 48% in 169 cases. The 
authors felt that 10% disseminate by the hematogenous 
route and an additional 1796 disseminate by lymphatic 
and hematogenous routes in combination. They believed 
that a 3-5 cm margin must be removed for adequate 
excision in this location. It should be noted that in their 
four cases, the external auricle was totally removed to 
treat the primary lesion. They cited their preference for 
routine treatment of melanomas in this location by radi- 
cal neck dissection because of the frequent involvement 
of regional lymph nodes and the fact that while correla- 
tion between clinically palpable nodes and histologic evi- 
dence of melanoma in the lymphatics is high, 16 to 5096 of 
clinically negative nodes contain microscopic malignan- 
cies. In addition, the true incidence of microscopically 
positive nodes may be underestimated since few speci- 
mens are submitted for thorough serial sections. 

Huvos and associates'? in 1973 reported on prognostic 
factors in a retrospective study of 119 patients seen at the 
Memorial Cancer Center with cutaneous malignant 
melanoma of the head and neck. The authors emphasized 
that ulceration of the surface of malignant melanoma is 
an ominous sign indicating that the melanoma cells have 
actively penetrated the underlying dermis. Cellular types 
showed no prognostic significance in this study. Em- 
phasis was given to the need for establishing the depth of 
invasion of the lesion into the dermis and subcutaneous 
tissue in determining prognosis. 

A recent paper by Hanson and McCarten!* suggests 
that the prognosis in malignant melanoma correlates well 
with the thickness of the lesion and the degree of lym- 
phocytic infiltration. The authors feel that for all Stage I 
lesions less than 1.5 mm in vertical thickness, the most 
effective treatment could be local excision. For Stage I 
lesions 1.5 mm or greater in thickness, the addition of 
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elective node dissection offers significantly improved 
survival; however, the most dramatic improvement oc- 
curred in those cases with minimal lymphocytic infiltra- 


tion. , : 
Conclusions 


The results of the surgical management of cutaneous 
melanoma of the head and neck are far from satisfactory. 
The first line of defense is the detection and adequate 
treatment of early lesions. In general, physicians, ancil- 
lary help and the public at large are unaware of the 
characteristic appearance of these tumors during the 
early curable phase of the disease. It is believed that 
education of physicians and of the public could result ina 
marked reduction of mortality due to malignant melano- 
ma. 

Criteria for clinical and histologic classification are 
now available to help the surgeon select an appropriate 
operation for each individual patient so as to achieve the 
maximum benefit with the least amount of "radical" 
surgery. The policy of elective lymph node dissection for 
invasive superficial spreading and nodular melanoma of 
the head and neck (levels III, IV and V) is strongly 
endorsed, although not proven by the data presented in 
this limited series. However, our previous analysis of the 
results of regional lymph node dissection for melanoma 
of all regions suggests that there is benefit to be obtained 
from elective regional lymph node dissections performed 
selectively." 

In the years to come, surgery may evolve as a method 
for the prevention of local recurrence and the reduction 
of total tumor volume so that other agents may be 
employed effectively as definitive therapy. Certainly the 
problem of hematogenous dissemination is not solved. 
Reports concerning the use of immunotherapy? 7 10-2129,31 
and chemotherapy'?!? are encouraging. Adjuvant 
therapy or postoperative therapy using one or both of 
these modalities in patients with "high-risk primaries” 
and Stage II disease may prove to be particularly impor- 
tant. Cooperative effort is needed since the treatment of 
melanoma may serve as a model for the treatment of 
many other neoplastic diseases. 
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Alexis Carrel, Visionary Surgeon. Sterling Edwards and 
Peter Edwards. 143 pages. $5.00. Springfield, Charles C 
Thomas, 1974. 


ALEXIS CARREL, in his popular book of 1935, Man the 
Unknown, assured his readers that he did indeed have 
unusual qualifications for such an undertaking. He had 
studied the most diverse subjects, from surgery to cell 
physiology, philosophy, and psychic phenomena, all in the 
pursuit of a better knowledge of man. 

This fascinating, imaginative, and doubtlessly very 
complex physician has only recently received the attention 
by historians that he so richly deserves. His collected 
papers at Georgetown University are finally being mined. 
Dr. George Corner has written perceptively about Carrel’s 
career at the Rockefeller Institute where he collaborated so 
fruitfully with Charles Lindbergh on the problems of organ 
| perfusion. Now we also have this short biography written 
with obvious feeling and admiration by a leading American 
| surgeon and his son. The latter apparently was responsible 
for much ofthe work in the French sources. The last part of 
the book, incidentally, in which the authors try to put into 
perspective the thoughts and the activities in Vichy France 
of a troubled Carrel, is convincing. Carrel’s collaboration 
with the Germans was apparently quite limited, and primar- 
ily associated with his desires to continue his work. 
Carrel's surgical accomplishments are nicely chronicled 
in this book. The vascular suture, Carrel-Dakin solution, 
and other contributions are all described. Many illustra- 
tions greatly enhance the text. For some reason, though, 
! the authors chose not to use Carrel's own drawing of the 
method of triangulation which appeared in Lyon Medical in 
1902. This is readily available, and since this work won for 
him a Nobel Prize it would seem to have been worthy of 
inclusion. 

Despite the appeal of this book, the definitive biography 
has by no means been written. Surgical history should be 
written by surgeons. When they undertake the task, how- 
ever, I see no reason why they should not apply the same 
strict rules of evidence, citation, and careful research to 
their work in history as they would use in the surgical 
laboratory or clinic. There is an entirely inadequate list of 
sources at the end, and no documentation whatsoever in 
the text. Minorerrors suchas the misspelling of Sir Almroth 
Wright’s name are certainly excusable. But to quote at 
length from a letter written to John D. Rockefeller in 
Carrel’s behalf asking that he not be retired in 1939 just 
because he had reached mandatory retirement age, and to 
attribute this simply to ‘‘a friend, a very influential per- 
son," is to reduce history to gossip. Another problem that 
arises when historians fail to cite their sources is that the 
reader has no way of judging whether the author has made 
his own judgment about a set of events with or without all 
theknownexisting evidence. Thereis notrace hereto show 
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that Dr. Edwards was aware of Dr. Samuel Harbison's 
work on Carrel's relationship to Charles C. Guthrie. The 
Carrel-Guthrie letters shed a light on an ambitious, some- 
what ruthless young investigator recently arrived from 
France and his relationship to colleagues. Ido not have the 
impression that Dr. Edwards used these letters, published 
more than a dozen years ago. In any case, I believe his 
assessment of Carrel is not entirely complete. I too am a 
Carrel admirer and I welcome this book. It deserves to be 
read by many surgeons. History of surgery has much to 
offer students and practitioners of medicine. My plea is for 
the same standards of excellence throughout our work, be it 
in the study, the laboratory or the operating room. 
GERT H. BRIEGER, M.D. Ph.D. 


Surgery Annual. Lloyd M. Nyhus, Editor. 1974. 


THIS BOOK is a collection of twenty essays on a broad 
range of surgical subjects. Many of these unconnected 
essays deal with subjects of primary interest to the surgical 
specialities, including plastic, orthopedic, genitourinary, 
otolaryngologic and neurosurgical. The articles are well 
written and the bibliographies are substantial. There is 
considerable variation in the depth to which the subjects 
are treated. The book is not one which many surgeons will 
want to read through completely but there is something of 
interest for almost everyone. The purpose for which the 
book is intended is not stated and is not clear from reading 
the book. A minor criticism is that nothing about the origin 
ofthe material, other than the author's name, is given at the 
head of each essay although academic titles of authors are 
in the Table of Contents. In summary, it is difficult to 
identify an audience for which the book is designed, but 
there are some interesting and controversial essays. 

| G. RAINEY WILLIAMS, M.D. 


1975 Yearbook of Plastic and Reconstructive Surgery. 
Frederick J. McCoy and associates, editors. 351 pages. 
Chicago, Yearbook Medical Publishers, 1975. 


THIS BOOK presents concise reports from a limited por- 
tion of the literature encompassing the entire scope of 
plastic and reconstructive surgery. For purposes of iden- 
tification of the various papers that are summarized, it 
would be easier if under each area reviewed in the Table 
of Contents, the titles of the papers and authors were 
identified. Some of the articles in the earlier chapters 
could have been clarified by the inclusion of additional 
illustrations. 

Generally this is a well written, up-dating of some of 
the current publications in this specialty. 

NICHOLAS GEORGIADES, M.D. 
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Phazyme 


preve 





zinful gas accumulation in the gut, due to altered 

intestinal motility, aerophagia and increased salivation, 
often complicates surgical aftercare. 

To help avoid or dispel the acute discomforts of 
post-op pain in the gut, Phazyme provides simethicone, 
« an effective, safe and simple method of preventing 
abdominal distention, gas pain and reducing the incidence 
of ileus.” '* 
Phazyme’s unique dual-phase action releases 
20 mg. of specially-activated simethicone initially to 





| EE eren for immediate dispersion of entrapped gas 
: The protected inner core delivers an additional 


40 mg. of specially-activated simethicone to relieve 
pain of entrapped gas throughout the lower G.I. tract. 

Phazyme also provides 240 mg. of pancreatin 
directly to the small intestine to help assure normal 
digestion. 

And Phazyme is safe... no systemic effects...no 
untoward reactions...no contraindications other than 
known allergy to an ingredient. 


1. Gibstein, A., ef al.: Prevention of postoperative abdominal distention 
and discomfort with simethicone, Obstet. Gynecol. 38:386, Sept. 1971. 


*Italics ours. 
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4 Grain Codeine Tablets 
with Codei ne No. 3— 16 Grain Codeine Tablets 


for the relief of severe pain... 
with the protection of Maalox: 


Available in two dosage strengths: 















e w No. 2 — 1⁄4 grain (16.2 ma.) 
4 Codeine Phosphate 

355 ml NDC 0067-0330-73 No. 3— 1⁄2 grain (32.4 ma.) 
Codeine Phosphate 


. . both with five grains of 
Maalox-protected aspirin. 


Ascriptin,* an excellent analgesic, 
antipyretic, and anti-inflammatory, 
combined with codeine to give 
effective relief from severe pain with 
minimal aspirin-induced gastric 
distress. 





MAGNESIA P al 
ORAL SUSPEN 





Indication: As an analgesic for the relief of pain of 
all degrees of severity up to that which requires 
morphine. 

Side Effects: Side effects are rare. Nausea, constipa 
tion and drowsiness may occur. 


Cl D Warning — may be habit forming. 
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considers for publication original articles in the 
field of surgery. It is the oldest continuously pub- 
lished journal in the English language solely 
devoted to the surgical sciences. The Editorial 
Board considers only papers judged to offer sig- 
nificant contributions to the advancement of 
surgical knowledge. 
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complete copy of the manuscript including illus- 
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pressed in the metric system. Temperature should 
be expressed in degrees centigrade. All contribu- 
tions should be submitted in English. 

Black and white illustrations will be repro- 
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DTIC-@® 


(DACA RBAZINE 


Sterile 


Warning: It is recommended that DTIC- 
Dome (dacarbazine) be administered under 
the supervision of a qualified physician ex- 
perienced in the use of cancer chemothera- 
peutic agents. Since facilities for necessary 
laboratory studies must be available, hospi- 
talization of patients is recommended. Hemo- 
poietic depression is the most serious toxicity 
with DTIC-Dome and involves primarily the 
leukocytes and platelets, although mild ane- 
mia may sometimes occur. Leukopenia and 
thrombocytopenia may be severe enough to 
cause death. 

(See Warnings section.) Studies have dem- 
onstrated this agent to have a carcinogenic 
and teratogenic effect when used in animals. 

In treatment of each patient, the phy- 
sician must weigh carefully the possibility 
of achieving therapeutic benefit against the 
risk of toxicity. 


Description: DTIC-Dome sterile (dacarbazine) 
is a colorless to an ivory colored solid which is 
extremely light sensitive. 


Action: Although the exact mechanism of ac- 
tion of DTIC-Dome (dacarbazine) is unknown, 
three hypotheses have been offered : 
1) inhibition of DNA synthesis by acting asa 

purine analog 
2) action as an alkylating agent 
3) interaction with SH groups 

The volume of distribution of DTIC-Dome 
exceeds total body water content, suggesting 
localization in some body tissue, probably the 
liver. It is only slightly (approximately 5%) 
protein-bound. Its plasma half-life after I.V. 
administration is approximately 35 minutes. 
After 6 hours in animal study, approximately 
46% of a radio-labeled dose was recovered from 
the urine. Of this 46%, almost half was un- 
changed DTIC and a like quantity was AIC 
(amino imidazole carboxamide) a metabolite. 
DTIC is subject to renal tubular secretion 
rather than glomerular filtration. 


Indications: DTIC-Dome (dacarbazine) is indi- 
cated for the treatment of metastatic malignant 
melanoma. It has been found that DTIC-Dome 
(dacarbazine) may be as efficacious at the lower 
dosage as at the higher dosage. Combinations 
of cancer chemotherapeutic agents have often 
shown an improved response over the use of 
single agents. 


Contraindications: DTIC-Dome (dacarbazine) 
is contraindicated in patients who have dem- 
onstrated a hypersensitivity to it in the past. 


Warnings: Hemopoietic depression is the most 
serious toxicity with DTIC-Dome and involves 
primarily the leukocytes and platelets, although 
mild anemia may sometimes occur. Leukopenia 
and thrombocytopenia may be severe enough to 
cause death. The possible bone marrow depres- 
sion requires careful monitoring of white blood 
cells, red blood cells and platelet levels. Hemo- 








poietic toxicity may warrant temporary suspen- 
sion or cessation of DTIC-Dome therapy. 


Precautions: DTIC-Dome (dacarbazine) should 
be administered preferably to patients who are 
hospitalized and who can be observed carefully 
and frequently during and after therapy, with 
particular reference to the hemopoietic system. 


Adverse Reactions: Symptoms of anorexia, 
nausea, and vomiting are the most frequently 
noted of all toxic reactions. Over 9046 of patients 
are affected with the initial few doses. The 
vomiting lasts 1-12 hours and may be completely 
but unpredictably palliated with phenobarbital 
and/or prochlorperazine. Rarely intractable 
nausea and vomiting have necessitated discon- 
tinuance of DTIC-Dome (dacarbazine) therapy. 
Rarely DTIC-Dome (dacarbazine) has caused 
diarrhea. Some helpful suggestions include re- 
stricting the patients oral intake of fluids and 
food for 4-6 hours prior to treatment. The rapid 
toleration of these symptoms suggests that a 
central nervous system mechanism may be in- 
volved, and usually these symptoms subside 
after the first 1 or 2 days. 

There are a number of minor toxicities that 
are infrequently noted. Patients have experi- 
enced an influenza-like syndrome of fever to 
39*C, myalgias and malaise. These symptoms 
occur usually after large single doses approxi- 
mately 7 days after treatment with DTIC-Dome 
(dacarbazine) and last 7-21 days, and they may 
occur with successive treatments. 

Alopecia has been noted as has facial flushing 
and facial paresthesia. There have been few re- 
ports of significant liver or renal function test 
abnormalities in man. However, these abnor- 
malities have been observed more frequently in 
animal studies. 


Dosage and Administration: DTIC-Dome 
(dacarbazine) 100 mg/vial and 200 mg/ vial are 
reconstituted with 9.9 ml and 19.7 ml, respec- 
tively, of Sterile Water for Injection, USP. The 
resulting solution contains 10 mg/ml of dacar- 
bazine having a pH of 3.0 to 4.0. 

The recommended dosage is 2 to 4.5 mg/kg/d 
for 10 days. It has been found that DTIC-Dome 
(dacarbazine) may be as efficacious at the lower 
dosage as at the higher dosage. Treatment may 
be repeated at 4 week intervals. An alternate 
recommended dosage is 250 mg/square meter 
of body surface/day I.V. for five days. Treat- 
ment may be repeated every 3 weeks. The calcu- 
lated dose of the resulting solution is drawn 
into a syringe and administered only intra- 
venously. 

Injection of DTIC-Dome may be completed in 
approximately one minute. 

Extravasation of the drug subcutaneously 
during the intravenous administration may re- 
sult in tissue damage and severe pain. 

Any solution remaining in the vial may be 
stored at 4°C for up to 72 hours. At 20°C, the 
solution is not stable for more than 8 hours. 


Supplied: Vials containing 100 mg or 200 mg 
of DTIC-Dome as sterile dacarbazine in boxes 
of 12. 


Dome Laboratories 
Division Miles Laboratories Inc 
a West Haven Connecticut 06516 USA 
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Dome Laboratories announces 


asignificant discovery 
of cancer research 


"DTIC 


(DACA RBAZINE) 


a unique agent effective in 
treating metastatic 
malignant melanoma 


[ ] extensively investigated through worldwide cancer research 
[ ] over 20% remissions documented from evaluation of more than 1400 patients 


patients complete partial total 
evaluated remission remission response percentage 
1427 81 208 289 20.3 
| ]a valuable chemotherapeutic agent indicated in the treatment of metastatic 
malignant melanoma 


[ ]as with many other cancer chemotherapeutic agents, response to DTIC-Dome 
may be enhanced when it is combined with other antineoplastic drugs 


DTIC-Dome is a new chemotherapeutic agent with a relatively high percentage 

of reported remissions in the treatment of metastatic melanoma. As with most 
anticancer drugs, possible beneficial results should be weighed against known risks 
of toxicity in the treatment of each patient. Toxic reactions are predominantly 
gastrointestinal and hematologic in nature, requiring that patients be hospitalized 
during therapy for observation and hematologic monitoring. In general, gastro- 
intestinal symptoms are self-limiting, and reversal of hemopoietic depression 
usually occurs within three to six weeks after termination of therapy and appro- 
priate corrective measures. (See adjacent page for a more detailed description of 
side effects.) 


Although the exact mechanism of action of D TIC-Dome is 
unknown, three hypotheses have been proposed : 
(1)inhibition of DNA synthesis by acting as a purine 
analog, (2) action as an alkylating agent by release 

of a mustard radical, and (3) interaction with SH groups. 


See adjacent page for full prescribing information. 








750 mg. capsule- 
shaped tablets 


Complete bed rest on a very firm mattress 
is usually indicated in the home treat- 
ment of acute low-back discomfort. 
Have patient insert section of ply- 

Wood 32-34" thick between 

mattress and box springs. 

The use of moist heat is 

often very beneficial. 


Robaxin-750 is often indicated to 
relieve the discomforts associated 
With acute, painful musculoskeletal 
disorders. It is a well tolerated agent 
which can provide significant 

relief, usually without serious 
adverse reactions. 


At work sit in Straight chair with 

firm back . . . knees higher than 
hips. Prop feet on small footstool to 
elevate knees. Don’t sit in over- 
stuffed furniture. Never sit long in 
one position. . . get up frequently and 
move around. Exercise regularly to 
strengthen abdominal and low-back 
muscles and help prevent weekend 


. flare-ups. Avoid sudden spurts of 


vigorous physical activity. A back 
support can help relieve pain and 
fatigue. 


Indications: 
As an adjunct to rest, physical thera 
measures for the relief of 
with acute, painful muscu 

he mode of action of thi 

arly identified, but 

Properties. Methocarbamo] does not directly relax 
tense skeletal muscles in man. 


Contraindications: 
Obaxin is contraindicated in patients hyper- 
sensitive to any of the ingredients. 


Precautions: 
Safety and effectiveness in children below the age 
of 12 years have not been established. 


It is not known whether this drug is secreted in 
human milk. As a general rule, nursing should not 
be undertaken while a patient is on a drug since 
many drugs are excreted in human milk. 


Methocarbamol may cause a color interference in 
certain screening tests for 9-hydroxyindoleacetic 
acid (5-HIAA) and vanilmandelic acid ( VMA). 


Adverse Reactions: 
Lightheadedness. dizziness, drowsiness. nausea, 
allergic manifestations such as urticaria. pruritus, 
rash, conjunctivitis with nasal congestion. blurred 
vision, headache. fever. 


Dosage and Administration: 
Initial dosage, 2 tablets q.i.d.; maintenance 
dosage, 1 tablet q.4h. or 2 tablets ti d. 


Six grams a day are recommended for the first 48 
to 72 hours of treatment. (For severe conditions 8 
grams a day may be administered.) Thereafter. 
the dosage can usually be reduced to approx- 
imately 4 grams a day. 

Also Available: 


ROBAXIN® (methocarbamol) 500 mg. 


See package insert for full prescribing information 
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Parenteral Nutrition 
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Parenteral Nutrition 


Whenever IV nutritional support Is indicated, 


total or supplemen 


MVI. 


(Multi-Vitamin Infusion) 


Each 10 cc. ampul* or 5 cc. Concentrate vial" 
provides: 

Ascorbic acid (C)... mmm 500 mg. 
Vitamin AX ....... enm 10,000 I.U. 
Vitamin D* (ergocalciferol)............--7 1,000 I.U. 
Thiamine HCI (B1)... mn 50 mg. 
Riboflavin (B2)? * «emnt 10 mg. 
Pyridoxine HCI (Be) .-..+-2--- rere 15 mg. 
Niacinamide eseista settan 100 mg. 
Dexpanthenol...........mem meme 25 mg. 


Vitamin E* (dl-alpha tocophery! acetate) .......- 5 LU: 

With sorethytan laurate 1%, sodium hydroxide 1%; 
and gentisic acid ethanolamide 2% as preservative. 

++With propylene glycol 30% as stabilizer and preser- 

vative, sodium hydroxide for pH adjustment, and 
sorethytan laurate 1 6%: in Concentrate as ribo- 
flavin-5-phosphate. 

Oil-soluble vitamins A, D and E water solubilized 
with sorethytan laurate; covered by U.S. Patent NO. 
2 417,299. 


tal, short-term or 


long-term, 


The comprehensive 
multivitamin infusion 


Contains C and B-complex 
vitamins as well as water- 
solubilized A, D and E vitamins 


BRIEF SUMMARY 

INDICATIONS: in emergency feedings - Surgery. 
extensive burns, fractures and other trauma, 
severe infectious diseases, comatose states. etc. 
may provoke a "stress" situation with profound 
alterations in the body S metabolic demands and 
consequent tissue depletion of nutrients. As a 
result, wound healing may be impaired, enzyme 
activity disturbed. hematopoietic tissues affected; 
hypoproteinemia and edema may appear; conva- 
lescence is thus prolonged. 

In such patients M.V.]. (administered in intravenous 
fluids under proper dilution) contributes optimum 
vitamin intake toward maintaining the body s nor- 
mal resistance and repair processes. 
DIRECTIONS FOR USE: M. V.l. is ready for imme- 


diate use when added to intravenous infusion fluids. 


For intravenous feeding, one daily dose of 10 cc. of 
M.V.I. or 5 cc. of M.V.I. Concentrate added directly 
to not less than 500 cc., preferably 1 000 cc.. of 


intravenous dextrose, saline or similar infusion 
solutions. ..plasma, protein hydrolysates, etc. 
PRECAUTION: Allergic reaction has been known 
to occur following intravenous administration of 
solutions containing thiamine. 

CAUTION: Not to be given as à direct undiluted 
intravenous injection as it may give rise to dizzi- 
ness, faintness, etc. 

THERAPEUTIC NOTE: Intravenous use should be 
discontinued as early as practical in favor ofan 
intramuscular or oral vitamin preparation. if 
deemed advisable. 

HOW SUPPLIED: M.V.I.— 10 Cc. ampuls, boxes of 
25 and 100. 

M.V.I. CONCENTRATE- 5 CC. vials, boxes of 25. 
Available in 100s only. 


USV Pharmaceutical Corp. 
Tuckahoe, N.Y. 10707 
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Effect of Nutrition, Diet and Suture Material 
on Long Term Wound Healing 


WALLEY J. TEMPLE, ANDRUS J. VOITK, CHARLES F. T. SNELLING, JOHN S. CRISPIN 


Although it is known that malnutrition hinders early wound 
healing, it has not been determined whether this occurs because of 
formation of a poor scar or a slow rate of normal healing; the 
ultimate fate of the malnourished wound is unknown. Malnutri- 
tion was produced in rats by short gut syndrome. Elemental diet 
was compared to rat chow and silk was compared with poly- 
glycolic acid suture. Nutritional deficiency was seen in short gut 
rats for two weeks postoperatively. Thereafter adaptation allowed 
partial recovery, but relative deficiency persisted. Morbidity and 
mortality of short gut rats doubled that of controls and all wound 
complications were limited to this group, occurring within the 
first two weeks. Malnourished animals surviving for 60 days had 
wound strength equal to the control rats as determined by gut 
anastomosis bursting strength, skin wound breaking strength and 
wound hydroxyproline content. Neither diet nor suture material 
altered ultimate wound strength. Improved nutrition allowed 
more animals and wounds to survive, but ultimate healing in 
survivors was indistinguishable from that of normal controls. 
Thus early weakness probably results from slow healing rather 
than formation of poor scar. Nutrition plays an important role 
in early strength and survival, but not in ultimate wound healing. 


ELATIVELY LITTLE is known about the effects of nu- 
tritional deficiency on long term wound healing. 
Koback et al.* have shown a three day increase in the lag 
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phase in protein deficient animals, using bursting pres- 
sure of abdominal wounds in rats. This measurement 
does not allow determination of wound strength beyond 
12 days. More recent work on the effect of protein deple- 
tion on healing?" shows that even at 21 days there is a 
significant difference in wound strength of malnourished 
animals. These findings confirm the clinical observation 
of a higher rate of anastomotic leak and wound dehis- 
cence in malnourished patients. Such complications 
occur early in the course of healing and it is rare for 
wounds to disrupt once healed, except in specific defi- 
ciency states such as scurvy. This suggests that wounds 
in surviving malnourished patients eventually gain suffi- 
cient strength for normal function, but does not allow 
relative comparison of strength with normal wounds. 
The ultimate fate of the weaker wounds remains un- 
known and the cause of early weakness. observed both 
clinically and experimentally. has not been determined. 
Wounds in malnourished animals could be weaker be- 
cause a structurally inferior scar is made or because 
normal wound healing progresses at a slower rate, pre- 
sumably due to a shortage of building blocks. By examin- 
ing wounds at a late stage of healing, the effects of retar- 
dation could be eliminated and a definitive answer re- 
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garding relative wound strength could be reached, based 
solely on the relative structural quality of the scar. 
Levenson® has shown that, in the rat, 85% of the final 
wound strength has been achieved by 2 months. Compar- 
ing wounds at this time should enable elimination of the 
effects of slower healing and the comparison should very 
closely reflect the ultimate wound strength. 

During an earlier nutritional study in the short gut 
syndrome? we created a model where nutritional depletion 
could be acutely produced and maintained for some 2 
weeks. At the end of this time gut adaptation allowed 
slow recovery, thus preventing mortality from continued 
malnutrition; the gain in these rats, however, never ap- 
proached that of controls and therefore they remained in 
a relative state of malnutrition when compared to the 
controls at all times. The purpose of the present study is 
to use this model to examine the effects of such sustained 
malnutrition on the long term effects of wound healing in 
order to determine whether structurally inferior scars 
or a slower rate of wound healing accounts for the early 
weakness in wounds of malnourished animals. Because 
we have had a clinical impression that elemental diet 
promotes better wound healing we have also examined 
the effect of this on the long term wound. Finally, be- 
cause of interest in the new suture material polyglycolic 
acid (PGA), with evidence suggesting its superiority in 


the earlier stages of wound healing,’ we decided to incor- 


porate into our study an assessment of its contribution to 
the ultimate wound strength as compared to silk. 


Method 


Sixty mature Sprague-Dawley rats of comparable age 
and weight were subjected to laparotomy. An 85% en- 
terectomy or 2 cm biopsy was randomly carried out, 
followed by an end-to-end everted anastomosis using a 
single layer of interrupted 5-0 silk sutures. The linea alba 
was closed with 2-0 silk and the skin closed with 4-0 silk 
for half its length and 4-0 PGA (Dexon), alternating the 
suture materials randomly between the top and bottom 
half of the wound. Both resected and biopsied animals 
were randomly allocated to be fed either standard rat 
chow or elemental diet (Flexical, Mead Johnson Co. of 
Canada, Ltd.) postoperatively. The nutritional specifica- 
tions as well as details of the model have been outlined 
elsewhere. Weights were recorded at weekly intervals 
and all animals sacrificed after 60 days. Hemoglobin and 
serum albumin concentrations were determined at the 
time of the original operation and at sacrifice. 

A 10 cm segment of gut, with the anastomosis in the 
center, was removed, ligated and distended with air 
through an apparatus attached to a mercury manometer. 
The pressure of bursting was noted and was recorded as 
occurring either above or below 300 mm Hg. The abdo- 
men was shaved and any remaining sutures were re- 
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moved. The midline skin wound was excised with 3 cm 
of skin to either side of the scar. Wound breaking 
strength was measured on strips of uniform width accord- 
ing to the method of Crawford et al. In 10 randomly 
selected animals separate strips were measured from the 
top and bottom half of the scar to determine the effect 
of PGA and silk on wound strength. In all other speci- 
mens a strip from the middle was used. After breaking, a 
| mm margin of skin containing the scar was submitted 
for hydroxyproline determination by acid hydrolysis. 


Results 


Nutritional 


Nine of the resected animals and 5 of the biopsied 
animals died before the end of the experiment. Non- 
lethal complications occurred in 8 resected and 4 biop- 
sied rats. When deaths and complications due to techni- 
cal reasons were excluded, the incidence of both still 
remained twice as high in the resected animals. One 
ventral hernia and one superficial wound infection were 
seen at the time of sacrifice; both occurred in enterec- 
tomized rats. Three of the deaths were related to intra- 
abdominal abscesses communicating with anastomotic 
leaks; these were again seen in the enterectomized ani- 
mals only, occurring at the 4th, 5th and 14th postopera- 
tive day. 

Weight changes are shown in Fig. 1. The operation 
caused significant weight loss in both groups, greater in 
the resected animals. Whereas the biopsied animals 
started to regain their weight immediately, reaching the 
preoperative weight after the first week, the enterec- 
tomized animals did not start to gain any significant 
weight until the 3rd postoperative week and reached their 
preoperative weight in the 5th postoperative week. From 
the Sth week on, the curves are parallel with no indica- 
tion that the short gut rats will reach the weight of their 
biopsied peers. At the conclusion of the experiment the 
biopsied animals weighed 14% more than the resected 
ones (418 gms versus 367 gms, P<0.001). 


Preoperative albumin values were comparable for both 
groups. At the conclusion a small and statistically insig- 
nificant drop had occurred in both groups, the value 
being 2.1 in the biopsied animals and 1.9 in the resected 
one (P>0.05). 


Preoperative hemoglobin was 17.3 gms per cent for all 
rats with no difference between groups. At sacrifice the 
value was 17.7 for the biopsied rats and 16.7 for the 
resected ones. Neither differences between the groups 
nor between preoperative values were statistically sig- 
nificant (P^ 0.05). 


Dietary manipulation alone seemed to have no signifi- 


cant effect on these nutritional parameters. The weight, 
albumin and hemoglobin values for rats fed chow were 
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FiG. 1. Weight curves for the rats during the experiment. The preopera- 
tive weights of both groups of rats were indistinguishable. A weight loss 
occurred with the operation in both groups, twice as much weight being 
lost following enterectomy than after biopsy. Biopsied rats showed an 
immediate recovery with regain of lost weight by the end of the first 
Postoperative week. A slow and Steady gain was seen thereafter. Short 
gut rats continued to lose weight after the operation and were unable to 
show any significant weight gain until the third Postoperative week. 
Preoperative weight was recovered in the fifth postoperative week and 
a slow gain was seen thereafter. This gain seemed to level off and did 
not indicate a tendency to catch up to that of the control group. The 
differences between the two groups were statistically significant 
(P« 0.001) for all postoperative measurements. At the end of the exper- 
iment there was a 14% weight difference between the two groups: the 


biopsied rats had exceeded their preoperative weight by 20% and the 
Short gut rats by 9%. 


383 gms, 2.1 gms per cent and 17.5 gms per cent respec- 
tively, and these same values for rats fed elemental diet 
were 390 gms, 1.8 gms per cent and 17.1 gms per cent, 
respectively. When the effect of diet was analyzed sepa- 
rately, the following was noted: I) Biopsied rats gain 
more weight with elemental diet; 2) Resected rats gain 
less weight with elemental diet; 3) The albumin level iS 
significantly higher at sacrifice in biopsied rats fed ele- 
mental diet; 4) The hemoglobin value is significantly 
lower at sacrifice in resected rats fed elemental diet. 


Wound Healing 


Bursting pressure of the healed anastomosis exceeded 
300 mm Hg in 79% of the biopsied rats and 67% of those 
with short gut syndrome. This determination was 63% 
and 84% for rats fed chow and elemental diet, respective- 
ly. When the effect of diet upon each operative manipula- 
tion was analyzed, this parameter was 64% for biopsied 
rats fed chow, 94% for those fed elemental diet, 60% for 
resected rats fed chow and 73% for resected rats fed 
elemental diet. None of these differences in bursting 
strength were statistically significant. Bursting was never 
noted to occur at the anastomosis, but always im- 
mediately proximal or distal to it. 


lel and confirm our earlier data investigating 
elemental diet in this model. Severe nutritional depletion 
persisted for 2 weeks in rats after 85% enterectomy. 
Whereas control rats started to gain weight on the first 
postoperative day, having regained all their lost weight 


TABLE 2. Relation of Diet to Ultimate Wound Healing. 
a a MÀ 


fai 


TABLE 1. Relation of Nutritional State to Ultimate Wound Healing. 
etree p RRR dd 
Anastomotic Wound Wound 

Bursting Breaking Hydroxyproline 
Strength* Strength Content** 

Biopsied 79 1674 i.5 

Resected 67 1500 1.6 

P 20.05 70.05 20.08 


TUTTI tt ena e a weena. 


“Per cent bursting above 300 mm Hg. 
**mg hydroxyproline per 100 mg tissue 


The breaking strength of the healed abdominal skin 
wound was 1674 gms for the biopsied animals and 1500 
gms for the resected animals. Rats fed chow had a wound 
breaking strength of 1588 gms and those fed elemental 
diet had a breaking strength of 1690 gms. The average 
skin wound breaking strength was 1615 gms for biopsied 
rats fed chow, 1715 gms for biopsied rats fed elemental 
diet, 1553 for resected rats fed chow and 1655 gms for 
resected rats fed elemental diet. The breaking strength of 
wounds repaired with silk was 144] gms and those re- 
paired with PGA was 1575 gms. There was no statisti- 
cally significant difference between these breaking 
Strengths in any of the groups above. The breaking point 
was very definite and always occurred at the wound. 

The average hydroxyproline content of the abdominal 
skin wound, expressed as mg per 100 mg tissue, was 1.5 
for the biopsied rats and 1.6 for those with the short gut 
syndrome. This value was 1.6 for both rats fed chow and 
those fed elemental diet. The average wound hydroxy- 
prcline content was 1.6 for biopsied rats fed chow, 1.5 for 
bicpsied rats fed diet, 1.6 for resected rats fed chow and 
1.7 for resected rats fed diet. The hydroxyproline content 
for wounds closed with silk was 1.7 and for those closed 
with Dexon it was 1.8. There was no statistically signifi- 
cant difference between any of the hydroxyproline con- 
tents in the above groups. 


Tables 1, 2 and 3 summarize some of the wound heal- 
ing results. 


Discussion 
The nutritional data from this experiment closely paral- 
the use of 





Anastomotic Wound Wound 
Bursting Breaking Hydroxyproline 
Strength* Strength Content** 
Rat Chow 63 1588 1.6 
Elemental Diet 84 1690 1.6 
P >0.05 20.05 20.05 
MDC MR C E NM dE c NR 


*Per cent bursting above 300 mg Hg. 
““mg hydroxyproline per 100 mg tissue 



































































96 
TABLE 3. Relation of Suture Material to Ultimate Wound Healing. 
Wound Wound 
Breaking Hydroxyproline 
Strength Content* 
Silk 1441 1.7 
PGA 1575 1.8 
P >0.05 70.05 














*mg hydroxyproline per 100 mg tissue 














e end of the first postoperative week, the resected 
ht and did not begin to gain signifi- 
stoperatively. Both clinical 
hown that healing wounds 
nfirmed in our experi- 


by th 
ones lost more weig 
cantly until the third week po 
and experimental data have s 
are weakest during this time, as CO 
ment where all anastomotic breakdowns occurred during 
this time. All wound complications, anastomotic, fascial 
(ventral hernia) and skin (infection), occurred in the re- 
sected group. After the third week sufficient adaptation 
had occurred that these rats began to gain weight, al- 
though slower than their biopsied controls, regaining 
their preoperative weight by the 5th week after opera- 
tion. Then a small rate of weight gain continued to occur, 
never at a rate to enable them to catch up with their 
biopsied peers. 

Thus, although it would be incorrect to say that the 
malnutrition of the first two weeks had persisted, a rela- 
tive malnutrition still existed because these rats were not 
able to catch up to their controls. Average hemoglobin 
and albumin levels were also lower in the short gut rats 
and although these differences were not statistically sig- 
nificant, the fact that all nutritional parameters showed a 
uniform direction of change makes it reasonable to sup- 
pose that the observed changes reflected real differences. 


The increased morbidity and mortality, twice that seen in 
| deficiency in 


the control rats, again indicates a nutritiona 
the resected group. When the effects of nutritional state 
and diet are simultaneously analyzed, it seems pertinent 
that the only significant drop in hemoglobin concentra- 
tion occurs in one of the resected groups and the only 
significant rise in albumin concentration occurs in one of 
the biopsied groups. Although only concentrations of 
albumin and hemoglobin were measured, experimental 
data using a nutritionally depleted rat model? as well as 
our own clinical experience”? have shown that in states 
of malnutrition hemoglobin and albumin deficiency is 
even more marked if total plasma content rather than 
concentration is measured. Concentration differences 
which seem insignificant can sometimes reflect marked 
and significant differences in total content.’ 

The parameters of wound healing, anastomotic burst- 
ing strength, skin wound breaking strength and skin 
wound hydroxyproline content, show no difference in the 
scars at 60 days between animals subjected to small 
bowel biopsy and those given prolonged malnutrition 
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tribution of wound 

of healing shows a 

ally depleted group. In 

weakness has disappeared at 60 

% of the ultimate wound strength in 

his suggests that the weakness seen 

depleted animals depends on a 
slower rate of wound healing rather than the formation of 
a structurally inferior scar. It seems that malnutrition 
leaves an animal with a shortage of building blocks for 
wound healing and that this shortage in turn limits the 
rate at which healing can take place. However, provided 
the animal can survive his disease and enough time is 
allowed, he will eventually go on to form a wound of 
normal strength. These data further suggest that wound 
healing takes precedence over other aspects of recovery 
in the malnourished animal, in as far as a normal wound 
had formed when other nutritional parameters were still 
less than normal. 

A clinical impression that elemental diet promotes bet- 
ter wound healing than normal food has not been borne 
out by this experiment. It may be that a stronger wound 
could have been detected in elemental diet fed animals 
during the earlier stages of healing, but ultimate wound 
strength is the same regardless of diet used. As the clini- 
cal impression was gained from experience with mal- 
nourished patients, many of whom were unable to toler- 
ate normal food, the comparison may well have been 
invalid. In such a situation elemental diet fed people will 
be provided with nutrition whereas other "similar" pa- 
tients will be unable to avail themselves of any nutrition. 
In such a case, any difference in wound healing does not 
really reflect a difference of diet but rather a difference of 
nutrition or its lack. 

Choice of suture material, 
nonabsorbable, does not seem to effect the eventual out- 
come of wound healing. This suggests that choice of 
suture material should be predicated on considerations 
other than the requirement of ultimate wound strength. 
Thus, in rapidly healing exposed areas, such as the face, 
the cosmetic effect of the suture material should be of 
overriding importance. In contaminated wounds the 
likelihood of suture material harboring micro-organisms 
should be considered more than eventual strength. The 
wound complications do, however, suggest that where 
strength and holding power is required, the suture mate- 
rial should be so chosen as to allow maximal strength 
during the first two or three weeks of healing. 

Although this study has shown that nutritional state 
does not influence the ultimate strength of the wound, it 
has also served to underline the importance of nutrition 
to wound healing. All the wound complications occurred 
in the malnourished group of animals. Similarly, the inci- 
dence of mortality and morbidity was double in the mal- 
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Carcinoma of the Oral Cavity 


An Analysis of 478 Cases 
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Evaluation and analysis of 478 cases of carcinoma of the oral 
cavity treated from 1947 through 1970 shows a significant im- 
provement in radiotherapy in the supervoltage (Co,,) era. Sur- 
vival in the early stages of disease (I and II) improved in the 
supervoltage era but not in the later stages of disease (III and 
IV). Results with combined therapy for advanced disease show- 
ed no significant difference from that of single mode therapy, 
whether with radiotherapy or with surgery in the supervoltage 
era. 


UMOR REGISTRIES, which were instituted within the 
army's medical system by 1947, have facilitated the 


accrual and close followup of cancer patients treated in 
our military hospitals. These registries have permitted us 
to evaluate a large number of cases of carcinoma of the 
oral cavity treated at Walter Reed, Brooke, and Fitzsi- 
mons Army Medical Centers over the period 1947 
through 1970. This is a review of our experience with the 
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From the Fitzsimons Army Medical Center, Denver, 
Colorado, The Walter Reed Army Medical Center, 
Washington, D.C. 


treatment of carcinoma of the oral cavity at these three 
centers. 
Methodology 

Over 500 cases of carcinoma of the oral cavity were 
registered in the period 1947 through 1970. These were 
reviewed. Four hundred seventy eight cases met the 
criteria of having had definitive care or initial evaluation 
and followup when treatment was either palliative or 
refused. All sites of the oral cavity (except lip) are in- 
cluded (Table 1). 

The T N M classification and staging is that provided 
by the American Joint Committee (AJC) for cancer and 
end results reporting, February 1968? 

Figure 1 shows the distribution of those cases treated 
definitively. The numbers of cases (per cent) show a 
relatively even distribution among Stages I, II, and III, 
the three major stages to be considered. 

The direct method as described by MacDonald? and 
Berkson and Gage! is used for calculating determinate 
survival. 

The Chi square method was used to determine statisti- 
cal significance.? 

In determining control of disease, those patients for 
whom followup was available for at least two years and 
who had no evidence of disease (NED) were considered 
controlled because in our experience, and in the experi- 
ence of others.?!* 85% to 95% of recurrences occur 
within two years after treatment. The designation '*'con- 
trol’ in this review means control of the treated area. 
For example, those patients with Stages III and IV le- 
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TABLE 2. Mode of Therapy 
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— LT Radiotherapy 250 
FLOOR OF MOUTH 155 33. seen oe 
Radiotherapy-Surgery 100 
ANTERIOR 2/3 TONGUE Palliative Therapy i 
Chemotherapy 2 
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ecurrence in the primary site or Radiotherapy, Oral Surgery, and Medical Oncology.  : 
the neck were considered not controlled (failures of Each case has been handled individually with no forma 
treatment). In a majority of Stage | lesions, treatment protocol of treatment. The ultimate decision on mode of 
was given to the primary site only. Patients with recur- 
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ter Reed Army Medica 
and Neck Surgery Ser- 










i vice in 1964 placed primary responsibi ity for treatment 
as failures of treatment. In Stage II lesions, many ofthe of head and neck cancer with that service, At Fitzsimons 
larger lesions were treated at both the primary site and Army Medical Center and at Brooke Army Medica 
the neck. Any treatment failure in this category would 





Center, there is no formal Head and Neck Surgery Ser. 
mean recurrence at either the primary site or the neck. vice. 


Two treatment periods are considered: 1) 1947-1963 
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TABLE 3. Overall primary control: Control refers to control of the 
treated area. 

1947-1963 1964-1970 1947-1970 

RADIOTHERAPY a (x) s24 ($5) asy, (198) 
SURGERY 79% (2) 16. (2) 781. (3) 
COMBINED THERAPY 62% (2) 57 ( 2 ) 60%, (22) 
56% ( 236 

(ona 
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lesion and those with clinically positive nodes received 
composite procedures (resection of the primary with 
separate Or incontinuity radical neck dissection). 


Primary Control 


The overall control rates for each mode of therapy are 
listed in Table 3. Better results were obtained with 
surgery and with combined therapy than with 
radiotherapy over the entire period. The control rate by 
surgery was the best. This was due, in part, to a better 
selection of cases. Of great interest is the significant 
improvement of radiotherapy in the supervoltage era 
(0.01<P <0.05) while surgery OT combined therapy 
showed no significant improvement in control between 
the two periods of study. 

In our series of cases, analysis of control of disease and 
survival rates by sites of the lesions and stages of the 
disease showed no significant difference in the results 
between sites for the comparable stages of disease. 
Therefore, sites of the oral cavity are combined for each 
stage of disease for further analysis of control of disease 
and for the three year survival comparisons. 

Table 4 shows control of disease for each mode of 
therapy. This reveals the mediocre results of 
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radiotherapy in the orthovoltage era, particularly in 
Stages I and II. In the supervoltage era, there is signifi- 
cant improvement in radiotherapy for these stages 
(0.01 P <0.05), while there is no significant improve- 
ment in results by surgery OT combined therapy. There 
was also some improvement in radiotherapy for Stage IH 
lesions (not statistically significant). Examination of our 
results in the supervoltage era shows no significant dif- 
ference among the three modes of therapy for each stage 
of disease. 

Analysis of control of disease by size and extent of the 
lesion (Table 5) for the entire period of study reveals the 
expected progressive decrease in control rates as the size 
of the lesion and the extent of disease increases. How- 
ever, in this series, à breakdown of Stage Il shows that 
for the T, N, lesion, the control rate is significantly better 
than that of any other category in Stage III (0.01 — P 
< 0.05) and is equivalent to that of a Stage II lesion (no 
statistical difference). 


Failures 


There were considerably more failures by radiotherapy 
than by surgery or combined therapy (Table 6). This is, in 
large part, due to poorer therapy in the orthovoltage era 
and to a greater number of larger lesions treated by 
radiotherapy than by surgery or combined therapy. Sal- 
vage attempts could be made on approximately one-half 
of the failures or radiotherapy or surgery and were suc- 
cessful in one-sixth of all failures (one third of attempts). 
On the other hand, very few attempts could be made for 
patients treated with combined therapy (4/37). and only 
one was salvaged. 


Survival 


Table 7 compares our determinate 5-year survival rates 


with those reported by the American Joint Committee in 


TABLE 4. Per cent primary 

control by staging: Con- 

trol refers to control of the 
treated area. 
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TABLE 5. Control by size 
and extent of disease 
(1947-1970). 
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February 1968. As stated earlier, in our series, there is no 
significant difference in survival among the sites for the 
same stage of disease. Therefore, our overall 5 year sur- 
vival by stage is also shown. The overall 5-year survival 
for the entire series is 57%. 

Finally, Table 8 shows the comparison of determinate 
3-year survival rates betweén the orthovoltage and 
supervoltage eras. There is improvement in survival for 
Stage I (not statistically significant) and Stage II disease 
(statistically significant, (0.01 < P < 0.05). There was no 
improvement in survival for Stages III and IV. 


Complications 


Complications of treatment have not been analyzed for 
this review. A casual screening of our cases revealed 
frequent osteoradionecrosis and/or persistent ulcer after 
radiotherapy in the orthovoltage era. In the supervoltage 
era, these complications were infrequent. 


Multiple Primaries 


There was a 1396 incidence of multiple primaries in 478 
patients studied. These include other primary cancers 
which occurred before, simultaneous with, or after dis- 
covery of the oral carcinoma. This incidence is somewhat 
higher than that reported by Marchetta." 


TABLE 6. Failures. 


MODE OF THERAPY 





FAILURES SALVAGE ATTEMPTS SALVAGES 

R i4 3 

RADIOTHERAPY 124 ne 41 21 « 
R/S 6 1 

R § 0 

SURGERY 22 14 4 3 3 3 < 
R/S 5 1 

R I 0 

RAD/ SURG 37 4 4 5 2 1 c l 
R/S 1 0 

183 73 25 





Comments 


Radiotherapy was noticeably inferior to surgery or 
combined therapy in the orthovoltage era. Results like 
these in our series which showed the superiority of 
surgery probably led oncologic surgeons like Martin’ to 
become discouraged with radiotherapy and to relegate it 
to an adjuvant role. The inferiority is particularly notice- 
able for lesions of Stages I and II. With the advent of the 
supervoltage era, radiotherapy has improved considera- 
bly, such that in each stage of disease, control of disease 
is equivalent to those of surgery and combined therapy. 
in our series. Our results in the supervoltage era agree 
with those of some surgeons? and most radiotherapists 
who report or claim equivalent results, at least for Stages 
I and II. 

Surgery has provided excellent control rates in our 
series, particularly in Stages I and I]. There is also a 
tendency towards acceptable and reasonable control and 
survival rates in Stage HI disease. However, surgery was 
only used to a limited degree for treatment of Stage IlI 
lesions. Figure 3 compares, as an overall view. the per- 
centage of cases treated by each mode of therapy and the 
control rates obtained for each stage of disease. It would 
have been of more than passing interest to treat more 
cases in Stage III with surgery to provide a better com- 
parison of results with radiotherapy. 

Patients treated by a single mode of therapy (surgery or 
SPT had a 17% p of ined i w was 


bined ee had ily no arene: ol nen " /37). 
There would appear to be little justification in using com- 
bined therapy for lesions in Stages I anid I] because of the 
excellent control rates by single mode therapy with no 
apparent improvement with combined therapy. This also 
provides for keeping a major mode of therapy in reserve 
for failures of treatment with a better chance for salvage. 


There was no improvement in the control of disease or 
of survival in Stages IH and IV in the supervoltage era. 
This has been disturbing because, 1) there was significant 
improvement in radiotherapy, and, 2) no deterioration in 
the quality of surgery. There was also improvement in 
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radiotherapy of Stage III lesions. It would then appear 
logical to expect improvement with combined therapy. 
Yet there was no improvement in survival with combined 
therapy. Earlier in this review, we indicated that there 
was also no improvement in control of disease by com- 
bined therapy for Stage II disease. Our results are, there- 
fore, at variance with those who have recently reported 
improvement with combined therapy for advanced dis- 
ease, ^^95 and are more consistent with those who re- 
main cautious on the efficacy of combined therapy for 
advanced disease.9:?? It would appear that, at this time, 
the only sure way of increasing overall survival is to 
discover lesions early in the natural history and treat 
accordingly. 


TABLE 8. Staged 3-year survival. 
1947-1963 


1964-1970 1947-1970 








MIL 






STAGE III STAGE IV 


AJC MIL AJC 






al (1947-1970). 


In our series, T, N, lesions behave like TN, lesions. 
We will continue to monitor this relationship because of 
its prognostic importance. 

Survival rates were not significantly different from the 
rates of control of disease for each stage. As would seem 
logical, control rates reflect survival, at least in this 
series. 

Unlike Fayos and Lampe,’ our results in Stages I and 
II were statistically significant in difference, and these 
stages could not be combined. 

Overall, the T N M staging of the AJC has shown its 
merit in the rates of control and survival in our series of 
cases. 

Finally, we join others in urging cooperative study for 
the treatment of carcinoma of the oral cavity and in 
cancer of the head and neck region, in general. Reports 
like ours are, 1) non-randomized, and, 2) small in number 
of cases so that much meaningful information cannot be 
retrieved for proper statistical analysis. Our results will 
always be suspect because of selection (non- 
randomization). 


A number of questions arise from this review which 
have been asked before, to which answers will not be 
forth-coming until randomized cooperative studies are 
performed: 1) Does radiotherapy provide equivalent con- 
trol of disease with surgery? In our series, it does, in the 
supervoltage era. 2) Does combined therapy provide bet- 
ter control of disease than single mode therapy? In our 
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series, it does not, in the supervoltage era. 3) Is the T, N, 
lesion more favorable than its Stage III indicates? In this 
review, it is. 

Until such time as we have more meaningful data 
through cooperative studies, it would appear that treat- 
ment of carcinoma of the oral cavity will largely depend 
on the availability of a well-trained radiotherapist. In 
treatment facilities without experienced radiotherapists, 
surgery would appear to be the treatment mode. The 
availability of an experienced radiotherapist allows for 
the choice of either surgery or radiotherapy, taking into 
account the factors of preservation or loss of function, 
time and economy, while keeping control of disease and 
the welfare of the patient as the goal in treatment. 
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Stored Blood Infusions 


Oxygen Consumption Changes with 





JUDY T. OMAN-McDANAL, M.D.," GREGORY T. SMITH, B.S., GLENN T. SUEHIRO, B.S., 


SAMUEL SIMS, B.S., J. JUDSON McNAMARA, M.D.t 


Stored blood contains microaggregates, often implicated in the 
pathogenesis of post-traumatic pulmonary insufficiency. This 
study was an attempt to further elucidate the effect of autologous 
stored, filtered and non-filtered blood infusions and homologous 
stored and fresh blood infusions on pulmonary function 
and hemodynamics. Inconsistent changes in pulmonary hemo- 
dynamics and blood oxygenation were noted. The one sig- 
nificant finding was an increase in oxygen consumption, which 
occurred with unfiltered autologous or homologous blood but not 
with fresh or filtered blood. Since an increased oxygen consump- 
tion results in an oxygen demand which is difficult to meet in the 
face of multiple other injuries, it is conceivable that this observa- 
tion implicates massive stored blood transfusion as a major con- 
tributing factor in the development of so-called irreversible 
shock. 


ANKED BLOOD, collected in ACD or CPD solution, 

and stored at 4C, has been shown to develop signifi- 
cant amounts of microaggregates. These microaggregates, 
often termed ‘‘debris, are composed of platelets, white 
blood cells, and fibrin."?? The amount of debris in- 
creases with storage time, and is initially composed of 
platelets, followed later by accumulation of fibrin onto 
the platelets.’ This debris in stored blood has been found 
to produce changes in pulmonary hemodynamics in 
animals*’* and has been implicated in the pathogenesis 
of post-traumatic pulmonary insufficiency in 
man.51012424174529 Ultrafiltration of stored blood with 
newly designed small pore filters will remove the mi- 
croaggregates 10-1519 
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From The Queen's Medical Center, Honolulu, Hawaii 





The present study was undertaken to evaluate the ef- 
fect of stored autologous baboon blood with and without 
ultrafiltration and stored and fresh homologous baboon 
blood without ultrafiltration on pulmonary function and 
pulmonary and systemic hemodynamics. 


Materials and Methods 


Fifteen baboons (Papio Anubis), 5-10 kg, were bled 
35cc/Kg and the blood was stored at 4C in CPD solution 
in plastic bags. Three weeks later, the animals were anes- 
thetized with phencyclidine hydrochloride (Sernylan) as 
an induction agent and with sodium thiopental (Pento- 
thal) as a maintenance agent. They were intubated and 
connected to a volume respirator (Harvard Apparatus 
Co., Millis, Mass.). Using sterile surgical technique, a 
thoracotomy was performed and catheters were placed in 
the pulmonary artery and left atrium. A flow probe was 
placed around the pulmonary artery and a femoral cathe- 
ter was inserted. The flowmeter and probe were previ- 
ously calibrated using excised arterial segments and 
whole blood. The flow probe was monitored through a 
BL-610 pulse logic flowmeter (Biotronex Laboratory, 
Inc., Silver Spring, Md.). The catheters in the pulmonary 
artery and left atrium were connected to Stratham pres- 
sure transducers (Model 23AA and 23BB, Hato Rey, 
Puerto Rico). A Brush 260 recorder (Gould Inc., Cleve- 
land, Ohio) was used to record the electrocardiogram, 
pressures, and pulmonary artery flow. A rectal catheter 
and bladder catheter were used to measure body temper- 
ature and urine output respectively. 

When the animal was stabilized, baseline values for 
pressures, blood gases and cardiac output were mea- 
sured. Studies were repeated after 15 minutes on 100% 
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oxygen. All measurements were made in quadruplicate. 
The animal then underwent an exchange blood infusion 
with either autologous 21-day stored blood (35cc/kg). 
homologous 21-day stored blood (80cc/kg), homologous 
fresh blood (80cc/kg) or autologous 21-day old blood 
infused through a Swank in-line blood filter (35cc/kg). 
Studies were then obtained 15 minutes after infusion 
while the animals were still breathing 100% oxygen. The 
oxygen was then discontinued, the animal placed on 
room air and studies obtained after 15 minutes. 

Studies obtained were: blood hemoglobin concentra- 
tion, arterial blood gases, venous blood gases, left atrial 
pressure (LAP), pulmonary artery pressure (PAP) and 
femoral artery pressure (FAP). Blood gas determinations 
were done on an Instrumentation Laboratory Blood- 
Gas/pH Analyzer (Model 113, Instrumentation 
Laboratories, Inc., Lexington, Mass.). All Po, determi- 
nations were standardized to pH 7.40 by means of the pH 
coefficient of -0.500 derived by Astrup's group’ and 
shown in the equation: 


Corrected Po. (7.40) _ 
Observed Po, (pH) 


Hemoglobin concentration and oxygen saturation were 
measured with an Instrumentation Laboratory Model 182 
Co-oximeter. The oxygen consumption was determined 
by the Fick Method. Pulmonary Vascular Resistance was 
calculated by: PAEDAP x 80 x 60 and expressed in dynes- 
sec-cm ?, Animals were maintained at normothermia and 


10 (-0.500[7.40-o0bs. pH 1) 








TABLE l. 
| VO, VO, CO CO C(a-V)Oy Cta-V)O, 
Group Animal Pre-Air Post- Air Pre- Air Post-Air Pre- Air Post- Air 
SMB-8 42.9 48.6* 1369.6 1458.4* 3.13 33f 
SMB-5 12.7 38.9* 526.4 1088 * 2.42 35 
A SMB-7 32:3 49.4* 1189 1321.5" 3,15 3:225 
S.F 40.5 90.1* 821.5 985.8* 4.93 9.14" 
Thelma 70.5 86.6* 2187.5 1645.0* 3.23 8.34* 
SMB-18 47.6 Tia 1008 1088 + 4.7 6.6 * 
B Banana 24.0 39.8* 627.2 608 1 3.83 6,55% 
Humple 30.7 53.0* 985.8 923.81 3.14 SI 
Martha 28.3 32.1* 1059 1096 1 3.58 2.747 
C Owl 18.5 15.1 384 384 1 4.8 3.9 * 
Flip 23.5 28.1* 666.5 SILST 3.42 3:525 
Joe 19.4 26.64 486.4 416.0% 4.04 5.24* 
D Kid 41.7 32:57 1036.8 627.2" 4.04 5,24* 
Geri 34.1 65.9* 982 1338 * 3.41 4,43* 
Ureka 28.5 29.47 724 639 * 3,80 4.29% 
ac a a Eg ag a aa aa a ac 
*P« 0.05 
+P>0.05 
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no temperature corrections were made. Data were 
analyzed using the Student t-test. 


Results 


All animals receiving stored. unfiltered blood, either 
autologous (Group A) or homologous (Group B) showed 
a significant (P<0.05) increase in oxygen consumption. 
In Group B the increase was due to a significant increase 
in C(a-v)O,, while in Group A the increase was a combi- 
nation of increased CO and increased C(a-v)O,. In Groups 
C and D a significant increase in oxygen consumption 
(P«0.03) was noted in only 3 of 7 animals (Table 1). 


Discussion 


It is generally accepted that large transfusions of stored 
blood result in massive embolism of microaggregates to 
the lungs. Numerous investigations have been reported 
on effects of such microembolism and, as yet, no major 
lasting changes in pulmonary hemodvnamics or function 
have been demonstrated experimentally. 

In our study, the absence of significant pulmonary 
hemodynamic effect which has been previously noted in 
dogs may relate to the relatively small size of the transfu- 
sion when distributed to both lungs.” The unexpected and 
significant finding in the present study was an increase in 
oxygen consumption (VO) in animals receiving unfil- 
tered autologous or homologous blood. This increase 
occurred with significantly decreased frequency in ani- 


Group A—Autologous infusion of 21-day old stored blood through standard blood filter. 

Group B—Homologous infusion of cross-matched 21-day old blood through standard blood filter. 
Group C—Homologous infusion of cross-matched fresh blood through standard blood filter. 
Group D—Autologous infusion of 21-day old stored blood through Swank filter. 
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mals receiving filtered stored blood or fresh blood. The 
latter observation suggests that the increased VO, is due 
to microaggregate debris in the blood which is not pres- 
ent in fresh blood and is substantially reduced in stored 
blood with ultrafiltration. The mechanism by which de- 
bris embolization increases oxygen consumption is not 
known. In only 5 of 11 animals in whom oxygen con- 
sumption was increased was cardiac output significantly 
increased so that the increased VO, must represent a 
direct effect of tissue oxygen use. Regardless, an in- 
creased VO, results in an increased oxygen demand 
which may be difficult for a massively injured patient 
with pulmonary insufficiency to meet. In fact, this may 
be a factor in so-called irreversible shock. 

Bennett el al.? using pulmonary lobe perfusion with 
stored blood in baboons and dogs, noted a decrease in the 
a-v Po, difference but the decrease was significant only 
with dogs. In a paper presented to the Association for 
Academic Surgery in November 1973, Davidson and 
Litwin? presented data derived from massive transfu- 
sions of stored blood using varying pore size blood fil- 
ters. They noted significant drops in arterial pH, Po, and 
total body VO, with an increase in PAP when no transfu- 
sion filter was used and no change in the above same 
parameters when dacron wool micropore filters were 
used. Both of the above studies showed a decrease in 
a-VPO, and VO,. Riggs et al., in an experiment with 
monkeys designed to study acute changes in oxyhemo- 
globin affinity using autologous exchange transfusion, 
noted no significant change in pH, Paco,, base deficit, 
arterial or venous per cent saturation of hemoglobin, 
cardiac output or oxygen consumption. However, a fall 
in mixed venous Po, was noted which is consistent with 
data in the present study. Soma et al. ?! in an experiment 
with dogs whose pancreatic ducts were ligated and who 
were subjected to hemorrhagic hypotension and then 
transfused with blood filtered through glass wool, noted a 
significant increase in C(a-v)O, with a decrease in Pvo,, 
reflecting the increased tissue oxygen extraction but no 
significant increase in oxygen consumption with either 
room air or 10076 oxygen was noted. The change was 
mainly due to a decrease in cardiac output. 

In contrast to the above studies other investigators 
have reported an increased VO, with stored blood infu- 
sion. Wyche et al.,* in a study of hemorrhagic hypoten- 
sion in dogs, noted increased VO, after re-infusion of 
shed blood with autologous blood. This was not statisti- 
cally significant but the increased C(a-v)O, was, indicat- 
ing an increased extraction of available oxygen. PvO, 
was decreased due to increased VO, combined with a 
decreased CO. 


Tobey et al.,? in an attempt to eliminate the errors 


introduced by anesthesia, thoracotomy and artificial ven- 
tilation, studied the effect of stored blood infusion on 
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unanesthetized, spontaneously breathing primates re- 
quiring blood for hemorrhage. They found no detectable 
pulmonary or systemic abnormality. 

It is evident that many studies have been done on this 
subject and support can be found in the literature to 
demonstrate that microaggregates in blood cause an in- 
crease in VO, a decrease in VO; or no change in VO». 

The variable data relating to oxygen consumption fol- 
lowing massive transfusion are puzzling. The fact re- 
mains that, where changes in systemic oxygen use have 
been demonstrated, it is prevented by ultrafiltration. It 
seems likely that the variable data reported is accounted 
for by the fact that the systemic effects of debris may 
effect different organ systems in different ways in the 
same animal. Thus, both the direct effect of debris on 
tissue oxygen use and the distribution of cardiac output 
to various organ systems will independently influence 
total oxygen consumption. Thus, in some instances, 
changes in tissue oxygen use due to blood debris may be 
masked in some studies by alterations in blood flow to 
various organ systems. Further studies are needed in two 
areas: 1) A careful look at the effect of various stored 
blood fractions on pulmonary and systemic 
hemodynamics; 2) An evaluation of stored blood resusci- 
tation with and without ultrafiltration in animals sub- 
Jected to a standardized major traumatic episode and 
controlled hypovolemic shock. 


Summary 


Fifteen baboons underwent initial phlebotomy of 
3Scc/kg. Three weeks later, each animal received either 
an autologous or homologous transfusion with or without 
an in-line Swank blood filter. The autologous and 
homologous nonfiltered stored blood transfusions were 
accompanied by a significant, consistent increase in oxy- 
gen consumption. The use of a filter or fresh blood sig- 
nificantly reduced the frequency of this increase in oxy- 
gen consumption. No significant change was noted in 
pulmonary function or pulmonary hemodynamics. 


References 


1, Arrington, P. and McNamara, J.J.: Mechanism of Microaggregate 
Formation in Stored Blood. Ann. Surg., 179:146, 1974. 

. Astrup, P., Engel, K., Severinghaus, J.W. and Munson, E.: The 
Influence of Temperature and pH on the Dissociation Curve of 
Oxyhemoglobin of Human Blood. Scand. J. Clin. Lab. Invest., 
17:515, 1965. 

3. Bennett, S.H., Geelhoed, G.W., Aaron, R.K., et al.: Pulmonary 

Injury Resulting From Perfusion with Stored Banked Blood in 
the Baboon and Dog. J. Surg. Res., 13:295, 1972. 

4. Cook, W.A. and Webb, W.R.: Pulmonary Changes in Hemorrhagic 
Shock. Surgery, 64:85, 1968. 

5. Davidson, I. and Litwin, M.S.: Physiologic Changes After Massive 
Transfusion Using Blood Filters of Varying Pore Size. The As- 
sociation for Academic Surgery, November 1973; pp. 40. 

6. Goldiner, P.L., Howland, W.S. and Ray, C.I.: Filter for Prevention 
of Microembolism During Massive Transfusions. Anesth. 
Analg., 51:717, 1972. 


th 








Vol. 182 * No. 2 


T: 


16. 


Hissen, W. and Swank, R.L.: Screen Filtration Pressure and Pul- 
monary Hypertension. Am. J. Physiol., 209:715, 1965. 


. Jenevein, E.P. and Weiss, D.L.: Platelet Microemboli Associated 


with Massive Blood Transfusion. Am. J. Pathol., 45:313, 1964. 


. McNamara, J.J., Burran, E.L., Larsen, E., et al.: Effect of Debris 


in Stored Blood on Pulmonary Microvasculature. Ann. Thorac. 
Surg., 14:133, 1972. 


. McNamara, J.J., Butran, E.L. and Suehiro, G.T.: Effective Filtra- 


tion of Banked Blood. Surgery, 71:594, 1972. 


. McNamara, J.J.. Molot, M.D. and Stremple, J.F.: Screen Filtration 


Pressure in Combat Casualties. Ann. Surg., 172:334, 1970. 


. McNamara, J.J., Molot, M.D. and Stremple, J.F.: Changes in 


Some Physical Properties of Stored Blood. Ann. Surg., 174:58, 
1971. 


. Moore, F.D., et al: Post-Traumatic Pulmonary Insufficiency. 


Philadelphia, W.B. Saunders Co., 1969; pp. 157. 


. Moseley, R.V. and Doty, D.B.: Death Associated with Multiple 


Pulmonary Emboli Soon After Battle Injury. Ann. Surg., 
171:336, 1970. 


. Reul, G.H., Greenberg, S.D., Lefrak, E.A.. et al.: Prevention of 


Post-Traumatic Pulmonary Insufficiency: Fine Screen Filtration 
of Blood. Arch. Surg., 6:386, 1973. 

Riggs, T.E., Shafer, A.W. and Guenter, C.A.: Acute Changes in 
Oxyhemoglobin Affinity—Effects on Oxygen Transport and 
Utilization. J. Clin. Invest., 52:2660, 1973. 





STORED BLOOD INFUSIONS 


I. 


24. 





107 


Simmons, R.L., Heisterkamp, C.A., IH, Collins, J-A., et al: Res- 
piratory Insufficiency in Combat Casualties: IV Hypoxemia 
During Convalescence. Ann. Surg., 170:53, 1969. 


. Simmons, R.L., Heisterkamp, C.A., HI. Collins, J.A., et al: Res 


piratory Insufficiency in Combat Casualties: U1] Arterial 
Hypoxemia After Wounding. Ann. Surg., 170:45, 1969. 


. Solis, R. T. and Gibbs, M.D.: Filtration of Microaggregates in 


Stored Blood. Transfusion, 4:245, 1972. 


. Solis, R.T. and Gibbs, M.D.: Filtration of Microaggregates in 


Stored Blood. Transfusion, 12:245, 1972. 


. Soma, L.R., Neufeld, G.R., Dodd, D.C. and Marshall, B.E.: Pul 


monary Function in Hemorrhagic Shock: The Effect of Pancrea- 
tic Ligation and Blood filtration. Ann. Surg., 179:395, 1974. 


. Swank, R.L.: Alterations of Blood on Storage: Measurement of 


Aging Platelets and Leukocytes and Their Removal by Filtra- 
tion. N. Engl. J. Med., 265:728,1961. 


. Tobey, R.E., Kopriva, C.J., Homer, L.D., et al: Pulmonary Gas 


Exchange Following Hemorrhagic Shock and Massive Transfu- 
sion in the Baboon. Ann. Surg., 179:316, 1974. 

Wyche, M.Q., Marshall, B.E., Mehall, S.L. and 5chuetze, MM.: 
Lung Function, Pulmonary Extravascular Water Volume and 
Hemodynamics in Early Hemorrhagic Shock in Anesthetized 
Dogs. Ann. Surg., 174:296, 1971. 








Treatment of Chronic Renal Failure 
by Transplantation and Dialysis: 


Two Decades of Cooperation 


N. L. TILNEY, E. B. HAGER, C. M. BOYDEN, G. W. SANDBERG, R. E. WILSON 


The overall transplant experience at the Peter Bent Brigham 
Hospital which extends over twenty years has been reviewed; the 
course of all patients was updated to a followup of at least one 
year (through October 1973). A total of 388 patients received 427 
renal isografts and allografts between March 1951 and October 
1972. Of these, 58% were still alive at the end of the followup 
period, 5076 with a functioning graft. The results of patient and 
allograft survival early (1959-1968) and later (1968-1973) in the 
experience have been compared. The significant decline in patient 
mortality, especially among recipients of cadaver allografts, dem- 
onstrates improved treatment of complications and increased 
availability of dialysis. The improvement of allograft function 
during the two time periods is less striking but still significant. 
Overall social and work rehabilitation following transplantation 
was evaluated in 284 patients, 86% of whom became at least as 
well adjusted as they had been prior to the development of renal 
failure. The incidence and individual causes for mortality and 
complications of transplantation have been compared to results 
from the National Dialysis Registry, figures comparable to those 
of the dialysis program at this institution. Transplantation and 
dialysis must be used conjointly and in a complimentary manner 
as part of the total treatment for those with end-stage renal 
failure. 


HE CHOICE of therapy for those with chronic renal 

failure and end-stage uremia is limited either to 
hemodialysis or renal transplantation. Whichever mo- 
dality is chosen should offer optimum patient survival and 
quality of life. Although hemodialysis has become widely 
available and has rehabilitated large numbers of individu- 
als, it remains costly and relatively inconvenient. Pa- 
tients are restricted by its time consuming nature and by 
necessary proximity to the machine, as well as by poten- 
tial failure of access sites, dietary limitations, and the 
development of complications of various organ Sys- 


tems ?? The alternative treatment, kidney transplantation, 
porta eee a AD, NRI 
Submitted for publication February 12, 1975 


From the Department of Surgery and Medicine 
of Harvard Medical Schoo! 

at the Peter Bent Brigham Hospital, 

Boston, Massachusetts 


IAIMLUMUNIUUMDITTTETTTTINIITUNHBHWIBIULBANUIHMVEREUNAHNHENASHNUUNUEMA MUT OCE PULSANTI HEN HMM ALATEST RUE AA, 
has evolved from an experimental procedure to an ac- 


cepted means of therapy.*!?!?!5 When successful, it has 
allowed many individuals to resume completely normal 
lives encumbered only by the taking of medication; when 
unsuccessful, some patients are made worse and others 
die. It seems increasingly clear that, as the experience in 
both dialysis and transplantation accumulates, they must 
be used conjointly as part of a total treatment for those 
with end-stage renal disease, with transplantation acting 
in relation to dialysis in a complimentary rather than a 
competitive manner.'? 

The transplantation experience at the Peter Bent 
Brigham Hospital extends over more than 20 years and 
now includes over 600 patients; the dialysis program has 
been well organized for more than 10 years and has 
treated about 1500 patients. Its facilities include dialysis 
in the hospital, in a nearby nursing home, and a home 
dialysis program.’ This study examines the ultimate out- 
come of recipients of renal allografts in regard both to 
their health and their ability to reconstitute their lives, for 
it seems as important to assess the life styles of these 
chronic renal failure patients as it is to follow their physi- 
cal and biochemical well-being. We have evaluated the 
status of all patients in our entire experience including 
those receiving transplants through October 1972, their 
mortality and complications and their overall psychologi- 
cal and social adjustment. A direct comparison has been 
made with various facets of the results of the National 
Dialysis Registry which differ little from those of the 
dialysis program at this hospital. It is hoped that such 
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comparison may serve to define in a cogent fashion the 
ultimate expectations and treatment choices for individu- 
als with terminal uremia. 


Material and Methods 


Every patient receiving a renal allograft at the Peter 
Bent Brigham Hospital between the first performed in 
March 1951 and October 1, 1972 was reviewed and his 
course updated to a followup of at least one year. These 
figures were not reviewed further, as there has been no 
dramatic change in treatment or results during the interim 
period. Complete information concerning the initial 
transplant was collected from hospital and clinic records. 
from the hospital Transplant Registry and from the ex- 
tensive filing system kept within the Transplant Unit 
itself. Periodic reports on those individuals living at great 
distances or information from their physicians was 
gathered. After the material had been tabulated, it was 
reviewed by consultants familiar with each individual and 
involved with the transplant program for long periods of 
time. All patients in the series were listed chronologically 


TABLE |. Immunosuppressive Protocols: Peter Bent Brigham Hospital 
(1951-1974) 








Date Treatment Use 

1951-1951  ACTH/cortisone 

1953-1957 No treatment 

1958-1962 Total body x-ray immunosuppression 

(* pooled bone marrow) 

1960-1961 6 Mercaptopurine drug induced immuno- 
suppression 

1961-1963 Azathioprine Primary immunosup- 
pressive therapy 

1961-1963 Actinomycin Č Primary therapy with 
Azothiaprine 

1962-1964 Azaserine drug induced immuno- 
suppression 

1963-1970 Actinomycin C Adjunctive therapy 


against rejection 


1963-present Azathioprine and Basic immunosuppressive 


corticosteroids regimen to date 
1963-1965 Splenectomy Adjunctive immuno- 
suppression 
1965-1966 Typhoid therapy Ag competition against 
rejection 
1965-1966 — Extra-corporeal Adjunctive immuno- 
x-radiation suppression 
1965-1968 Thoracic duct Adjunctive immuno- 
fistula suppression 


Primary therapy of 
cadaver allografts 
occasional treatment 
against rejection of 
living related allo- 


1965-present Local x-ray therapy 





grafts 
1967-1973 Equine ALG Adjunctive immuno- 
suppression 
1971-1973 Rabbit ATG Adjunctive therapy in 


cadaver allografts 
1972-present High dose steroid Adjunctive therapy 
pulse against rejection 
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and grouped according to donor sources while those re- 
ceiving more than one kidney were tabulated numerically 
as a new patient at the time of the subsequent allograft. 

Patient and kidney survival curves were established by 
use of the life-table method of Cutler.” Survival curves 
and causes of death were contrasted to data on dialysis 
patients from the National Dialysis Registry.’ The fate of 
individuals receiving transplants early and late in the 
series (before and after 1968) have been compared, as has 
long-term renal function in each donor category. Al- 
though various immunosuppressive protocols and ad- 
juncts have been tested since the initial use of drugs in 
November 1960, azathiaprine and corticosteroids have 
remained the basic regimen since 1963 (Table 1). No 
effort has been made to correlate results with the type of 
therapeutic regimen employed. 

Information on the overall social adjustment of each 
individual was evaluated primarily by a physician re- 
sponsible for long-term out-patient care (EBH). Each 
patient was judged against himself to compare his post- 
transplant social rehabilitation, and work or school per- 
formance against that existing prior to the development 
of renal failure, using subjective standards. As it is 
difficult to quantify the success of a particular form of 
therapy in a patient with chronic renal disease experi- 
encing a prolonged and complicated course on dialysis 
or following transplantation, a unified judgement was 
made in each case regarding rehabilitation throughout 
the entire followup period without assigning relative 
values to either modality. The performance of recipi- 
ents of more than one transplant was combined toward 
a single evaluation of their course. 


Results 


A total of 388 patients received 427 renal isografts and 
allografts during the 21 vear period under review. Of 
these, 36 individuals received 2 transplants; 3 received 3. 
There were 303 recipients of 315 grafts who survived 
more than one year (79%) either with a functioning kid- 
ney or by returning to dialysis following graft failure. A 
total of 66 patients lived over 5 years, 15 surviving over 
10 years and 3 more than 15 years following their initial 


divided by donor source, is shown in Figure | in life-table 
form. There were 227 individuals (5896) still alive at the 
end of the followup period (October 1973), 194 (5095) 
with a functioning allograft. The overall mortality (161 
patients, 42%) of the patients in this review, although 
comprising much of the transplantation experience at this 
institution, 1s greater than that occurring at the present 
time, as those whose allografts failed earlv in the series 
were rarely able to return to dialysis. 

Life-tables of patient mortality and allograft survival 
occurring early (1959-1968) and later (1968-1973) are 
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noted in Figure 2. The significant decline in patient mor- 
tality (P <0.001) from 57% in the earlier period to 23% 
after 1968 demonstrates improved treatment of complica- 
tions and increased use of dialysis. This decrease in mor- 
tality is noted especially among recipients of cadaver 
allografts (68% mortality 1959-1968; 35% mortality 1968- 
1973), although it occurred among those with living re- 
lated grafts (40% mortality 1959-1968; 24% mortality 
1968-1973). These figures do not include 16 patients who 
received allografts from unrelated sources. The surgery 
was performed from 1951 through 1958 and all 16 died. 
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The improvement of allograft function during the second 
time period has been less striking but still significant 
despite variations in immunosuppressive protocol (Table 
1) (P=0.018, 32% function 1959 to 1968; 54% function 
1968 to 1973). The number of cadaver allografts function- 
ing more than one year increased from 1446 in the earlier 
period to 4096, while those from living related donors 
improved from 3896 to 6596. An analysis of mortality as 
dependent upon age and sex showed that females receiv- 
ing living related kidneys in their fifth decade were sig- 
nificantly (P=0.016) more at risk than males of compara- 
ble age or than patients of either sex in younger age 
groups (P=0.01). | 
Causes of Patient Death. The causes of death for allo- 
graft recipients were predictable and did not vary depend- 
ing upon donor source. Although infection has remained 
the primary cause of mortality, the incidence of deaths 
from graft failure has decreased during the past several 
years as individuals with failed transplants now return 
promptly to dialysis (Fig. 3). During the first year after 
transplantation, infection caused 55% of total deaths, 
while it declined to 27% in subsequent years. As the 
period after transplantation increased more patients died 
from other factors; cardiovascular accidents, malignant 
tumors, gastrointestinal complications. Fatal sepsis in 
the majority of patients was bacterial. However, fungal 
infection caused the death of 11 patients; 7 with menin- 
gitis, 2 with pneumonia, 1 with disseminated toxoplas- 
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Fic. 3. The causes of mortality of transplant recipients are divided into 
those occurring within the first year postoperatively and those occurring 
subsequently. 


mosis and 1 following rupture of a mycotic aspergillis 
aneurysm of the thoracic aorta. Five patients died from 
hepatic failure, either virus induced (cytomegalovirus) or 
from drug toxicity. Five patients died of malignancy; one 
with a gastric leiomyosarcoma arising 4 years after his 
second transplant, 2 with reticulum cell sarcoma of the 
sigmoid associated with perforated diverticulitis 6 and 12 
months postoperatively, respectively. An ultimately fatal 
follicular cell carcinoma of the thyroid was found inci- 
dentally at parathyroidectomy one year after transplanta- 
tion; one patient died of fulminating carcinoma of the 
cervix 4 years post-transplant. 

Complications. Non-fatal complications occurring in 
transplant recipients were also independent of donor 
source (Table 2). The majority were skeletal, gastrointes- 
tinal or psychiatric. There were 26 individuals developing 
aseptic necrosis of the hips necessitating hip replace- 
ment; one patient had replacement of a knee and shoul- 
der. The majority of gastrointestinal complications in- 
volved hemorrhage from stomach or duodenum. Infec- 


TABLE 2. Complications of Renal Transplant Recipients 








rare Va at HT) 





Total 
Number Patients (96) 
Total patients 
with complications 121 32 
Complications: 
Extra-urinary infection is 4 
Tumor 3 i 
Cardiovascular 6 2 
Skeletal 27 7 
Psychiatric 28 7 
Gl 21 6 
4 


Other 18 
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tion was common; 8 patients developed hepatitis, 2 fun- 


gal meningitis and 4 experienced osteomyelitis or septic 


joints. Three patients developed cervical carcinoma in 


situ 4-5 years after transplant. One individual, a tobacco 
farmer, had a basal cell carcinoma on his face, probably 
antedating his transplant. One additional person with a 
long history of chronic lymphatic leukemia has done well 
on immunosuppression for two years but has been 
treated for maxillary mucormycosis. Steroid induced 
diabetes and cataracts occurred not infrequently in this 
population. 

Identical Twin Kidney Recipients. There were 28 pa- 
tients who received isografts from identical twins, 18 
males of ages 14 to 49 years (MSD=32 + 11 years) and 10 
females of ages 12 to 48 years (MSD=26 = 14 years). 
Twenty-four recipients (86%) survived over one year 
(range 3-17 years, MSD=9 x 4 years) (Fig. D. Seventeen 
patients continue to live normal lives with well function- 
ing allografts while one has returned to chronic dialysis 
with recurrent nephritis developing one year after trans- 
plantation. This patient developed fulminating pulmo- 
nary insufficiency with Goodpasture's Syndrome which 
necessitated respiratory support with a membrane 
oxygenator for several days before recovery ^ 


Two patients died within two weeks of operation; one 
from uremia following infarction of the kidney, one from 
septicemia secondary to a perinephric infection. Kecur- 
rent nephritis was fatal to 2 individuals, who died at 3 and 
12 months respectively. Six patients died 2 to 10 years 
after transplantation (MSD=6.5 + 3 years). the majority 
prior to the development of a satisfactory ch ronic dialysis 
program. Three died with graft failure secondary to re- 
current nephritis developing at 5. 5 and 10 years post- 
operatively. One died from pyelonephritis. and two indi- 
viduals with excellent renal function sustained fatal 
myocardial infarctions at 2 and 9 years. One patient has 
developed mild ulcerative colitis, one has experienced 
bilateral cataracts ten years after transplantation and two 
have asymptomatic recurrent nephritis. 

Living Related Donor Kidney Recipients. There were 
224 recipients of renal allografts from living related 
donors; 190 recipients (85%) survived more than one 
year. The allografts came predominately from parental or 
sibling sources although the series included those from 
four sons, three aunts, one-half sister and one cousin. 
There were two sets of dizygotic twins. This group in- 
cluded 149 males of ages 11 to 62 years (MSD=31 = 11 
years) and 75 females of ages 8 to 58 years (MSD=31 = 
13 years). Seven boys and 6 girls below age iS received 
transplants which fared no differently than those in 
adults. Well functioning allografts allowed resumption of 
growth in younger patients, although several of these 
children have remained stunted. One hundred and 
twenty-four patients (55%) remain alive with functioning 
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allografts through the followup period; 20 returned to 
dialysis but have received a subsequent transplant, while 
18 continue on chronic hemodialysis following irreversi- 
ble graft failure (Fig. 4). The overall survival rates of 
patients and renal allografts are noted in Figure 1. There 
are 5] patients living more than 5 years postoperatively 
while 2 individuals survive with excellent allograft func- 
tion 12 and 14 years later. 

There were 24 allografts (11%) which failed within the 
first year with the recipients returning to chronic dialysis. 
Of these, 19 were rejected completely; 6 underwent 
hyperacute rejection, 4 suffered irreversible acute rejec- 
tion and 9 experienced inexorable chronic rejection. 
There were 2 kidneys which never functioned and 3 were 
lost following acute vascular accidents. Chronic rejection 
caused failure in 15 kidneys within 4 years. Recurrent 
nephritis has developed in the allografts of 5 recipients 
between 2 and 9 years postoperatively; 2 continue to 
show satisfactory function, 1 demonstrates progressively 
deteriorating function, and two recipients have died from 
unrelated causes. 


Cadaver Kidney Recipients. One hundred seventy-five 
patients received allografts from unrelated sources; 101 
of these patients (58%) survived between 1 and 8 years 
(Fig. 1). This group comprised 98 of 152 recipients of 
cadaver allografts (64%) and 3 of 23 recipients of allograft 
from living unrelated donors (1392). The majority of kid- 
neys in this latter category were removed electively from 
hydrocephalic infants undergoing ventriculo-ureteral 
shunts, all but one performed prior to 1967. Two kidneys 
were from unrelated volunteers. There were 107 male 
patients of ages 12 to 82 years (MSD=37 + 14 years) and 
68 females of ages 15 to 60 years (MSD=38 + 13 years). 
Although the survival rate of these individuals declined 
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more rapidly, especially during the first year, than that of 
patients receiving allografts from living related donors, 
86 of the patients (49%) are still alive (Fig. 5). Of these, 53 
have functioning allografts, 19 returned to dialysis and 
received a subsequent transplant, and 14 remained on 
chronic hemodialysis. There are 11 patients (6%) surviv- 
ing more than 5 years with excellent renal function. 

There were 25 cadaver allografts (14%) which failed 
within the first few months after placement, 16 from 
acute and chronic rejection, 2 with hyperacute rejection. 
Serious arterial hemorrhage occurred between 18 days 
and 4 months after transplant in 6 instances, all invariably 
secondary to perinephric infection. All episodes required 
immediate nephrectomy and one culminated in the death 
of the patient from septicemia. One well-functioning al- 
lograft had to be removed following uncontrolled bleed- 
ing during an attempt to repair a ureteral leak occurring 
one month postoperatively. Seven allografts functioning 
more than one year failed eventually with chronic rejec- 
tion, while metastases from a bronchogenic carcinoma of 
the donor developed in one kidney 18 months after 
placement.!? 

Multiple Transplants. Thirty-seven patients received 
76 transplants. Thirty-three survived more than one year; 
4 died within the first year despite two transplants. 
Twenty-three individuals (62%) remain alive, 15 with 
their final allografts continuing to function at followup one 
to 6 years later. Eight have returned to chronic dialysis. 
There is no apparent correlation in these patients be- 
tween the fate of the first and later allografts. Eight pa- 
tients living more than one year after their initial allograft 
died following subsequent transplants; 3 within 6 weeks, 
and 5 within | to 4 years. Of the two recipients of 3 
allografts each, 1 has returned to dialysis and is awaiting 
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his fourth transplant and one died of a cerebrovascular 
accident 6 weeks following his last allograft. 


Rehabilitation. Evaluation of quality of life was assessed 
in 284 patients. The remainder died too soon for adequate 
observation or were lost to followup, but are reported for 
purposes of this study as they were last seen. There were 
245 patients (86% in Class I, (defined as being at least as well 
adjusted to their social environment after transplantation 
as they had been prior to the development of renal failure) 
(Table 3). An additional 33 patients (119%) were judged tobe 
in Class II, coping less well with their social environment 
than previously. Six patients (3%) were clearly worse or 
had become socially incapacitated following transplanta- 
tion. Although all identical twins were in Class I, donor 
source did not affect the results of individuais in the other 
groups. There were 228 patients (80%) who were judged to 
be Class A (defined as being rehabilitated at least to their 
capabilities prior to their illness). An additional 44 (15%) 
were judged almost as good (Class B), while 12 (596) were 
less able to return to work following transplantation (Class 
C). Ofthese, 22 received an allograft fromaliving donorand 
7 from a cadaver. Thirteen patients were clearly unable to 
cope. 

Psychiatric difficulties, severe enough to alter their lives 
significantly, were exhibited by 28 patients following 
transplantation (10%). One identical twin, 17 recipients of 
kidneys from living related donors and 10 from cadaveric 
donors had neuroses, psychoses, alcohol or drug related 
problems. Two recipients of familial kidneys committed 
suicide, one after 4 years of excellent function ofthe second 
allograft, the other following 3 years of dialysis following 


TABLE 3. Social and Work Rehabilitation 


Classification Total Recipients Percentage 
IA 219 77 
IB 24 8 
IC 2 i 
HA 9 3 
HB 20 7 
HC 2 
HIA 0 
HIB 
Lic 6 2 
Tota! 284 100% 
Classification: 
Social Rehabilitation: 

Class I As good or better than before illness 

Class H Below pre-illness standard 


Class Hil 
Work (School) Rehabilitation: 


Socially incapacitated 


Class A As good as or better than before illness 
Class B Below pre-illness standard 
Class C Unable to return to any useful endeavor 


at any time 
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the acute loss of his transplant. One recipient of a cadaveric 
kidney became psychotic and stopped his medication at 3 
years, ultimately losing his previously well functioning 
graft. 


Discussion 


Hemodialysis and renal transplantation, the primary 
methods of treatment for patients with end-stage kidney 
failure, are entities which should be used in complimentary 
fashion for optimal long-term benefit. Although dialysis 
affords a relatively satisfactory rate of survival, it provides 
anexistence difficult for the patient and burdensome for his 
family? The survival curves for dialysis patients, as 
recorded by the National Dialysis Registry, lie between the 
acceptable results for recipients of kidneys from living 
related donors, and the relatively poor results for those 
with cadaver allografts (Fig. 6).’ In the experience of this 
institution, the survival of individuals treated with home 
dialysis—96% at one year, 88% at two years—is better than 
the overall results from the National Dialysis Registry, 
although total results forall dialysis patients inthis program 
are quite comparable to national figures.” Several compli- 
cations of renal failure and its treatment are recognized; 
atherosclerosis may be accelerated, hypertension, anemia, 
osteoporosis, increased susceptibility to infection 
and gastrointestinal disturbances. Neurological ab- 
normalities—both central and peripherai—are not un- 
common. In general, patients rarely feel totally wel. 
Dialysis is progressively increasing its effectiveness by 
improved techniques in equipment, better efficiency of 
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Fic. 6. The survival of recipients of living related and cadaveric kidneys 
is compared to that of dialysis patients recorded by the National Dialysis 
Registry. 









114 


filtration methods, and enhanced patient convenience. 
While the incidence and severity of many of its medical 
sequelae have been tempered by such improved methods, 
atherosclerosis and its complications have become major 
unsolved problems for those who survive for prolonged 
periods. This is demonstrated graphically by the mortality 
figures from the National Dialysis Registry which shows a 
high incidence of death from cardiovascular disease (Fig. 
7). With existing knowledge, it is difficult to visualize any 
important decline in this complication in the near future. 

Transplantation has allowed many individuals with ter- 
minal renal failure toresume relatively normal lives oftenas 
satisfactory as those led before the onset of their disease, 
despite significant morbidity and mortality.1°7°"'® While 
its success rate, especially among recipients of kidneys 
from living related donors, has increased from that of the 
early years of the experience and many technical aspects of 
transplantation—kidney perfusion and storage, diagnosis 
and treatment of acute rejection—have improved, basic 
understanding of the immune response, tissue matching, 
and more effective immunosuppressive agents have re- 
mained relatively static.!®! There is now little doubt that 
powerful immunosuppressive therapy can be tolerated for 
many years although too many transplant recipients still 
remain prone to the various complications of such long- 
term treatment—obesity, bizarre infection, malignancy, 
atherosclerosis, diabetes, cataracts, aseptic necrosis of 
major joints, psychological burdens.'? It must be stressed 
that these complications are not related directly to the 
degree of immunosuppression required for satisfactory 
allograft function, and that the physician must be con- 
stantly alert for such problems at all times following 
transplantation. 

The type of existence engendered by chronic 
hemodialysis may be so difficult and unacceptable as to 
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encourage many patients towards transplantation with its 
generally improved quality of life. This improved quality, 
however, is purchased with significant mortality risk. 
Some patients, particularly those in the older age group, 
have been made significantly worse by transplantation. A 
change in philosophy has accrued over the past several 
years whereby the procedure is now considered but a 
portion of the entire spectrum of treatment for those with 
chronic renal disease and not a final irreversible step. This 
coexistence can best occur with well organized and closely 
allied dialysis and transplant services where an individual 
can return immediately to dialysis upon failure of the 
allograft and can consider such failure but an episode in an 
ongoing course of treatment. Approximately 10% of our 
out-patient transplant recipients return annually to a 
hemodialysis program through failure of their allografts, 
and many of these desire another transplant. As the results 
of second transplants are essentially the same as those of 
the initial one, both in our hands and in other centers, this 
approach is used increasingly.'*?° 

Much ofthe discrepancy in mortality between recipients 
of living related allografts and those from cadaveric sources 
occurs within the first year after surgery. The selection of 
individuals for cadaver transplantation who have been 
unsuccessful on dialysis may contribute to increased post- 
operative failures, as such individuals are relatively poor 
risks for either program. Similarly, because of the vagaries 
of referral patterns in our hospital and its affiliates, the 
cadaver allografts used have often been declined by other 
transplant groups. Unless there is donor sepsis, poor 
perfusion of the kidney ex vivo or major anatomical defects, 
we attempt to use all available kidneys for our large dialysis 
population. Despite strenuous efforts toward improved 
tissue matching and allograft failure, complications from 
the use of powerful immunosuppressive agents are the 
primary contributors to complications and death.!?!! Al- 
though the results from familial transplants remain consis- 
tently better than those from cadaver sources in all series, 
no patient has ever beenrefused atransplant in our program 
because of poor tissue matching.’ It is of interest that 
allografts from distantly related sources in this study— 
half-sister, aunts and a cousin—have performed relatively 
welland have functioned at least two years after placement. 
In contrast, both allograft and patient mortality has been so 
high in presensitized recipients that our policy is now to 
deny transplantation to such individuals except in the 
infrequent instance of a four antigen match, or if multiple 
serum samples fail to demonstrate specific anti-donor 
sensitization. Unfortunately, the pool of such presen- 
sitized patients continues to grow. 

The goal of any dialysis-transplant program is the 
rehabilitation of patients who are terminally ill. Over 80% 
of those surviving more than one year in our transplant 
series have been fully rehabilitated for a meaningful period 
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of time (Table 3). This is an important improvement on 
social and psychological rehabilitation experienced by 
those on chronic dialysis.?? In general, motivation of 
allograft recipients to return to work or to school is high, 
although occasional problems are encountered with indi- 
viduals exhibiting inadequate or dependent personalities. 
A significant number of those who were poorly motivated 
or demonstrated psycho-social disorders while on dialysis 
have unexpectedly shown improvement following trans- 
plantation, while those unable to cope after restitution of 
reasonably normal renal function were quite small. Most 
did not need to be prodded into returning to work or to 
normal social activities, although a few exhibited some 
difficulties in recognizing that they were finally free of the 
stigmata and restrictions of a chronic debilitating disease. 
The hypochondriasis and reactive depression so often seen 
in such conditions generally disappear following the return 
of normal kidney function, although an occasional patient 
was unable to comprehend the reality of becoming inde- 
pendent of a machine or the uncertainty of what was going 


-- tohappen should his kidney fail. Preoccupation with one's 


own renal function and urine volume generally recedes 
after several months and no longer remains the focal point 
of existence. A few individuals have responded with 
hyperactivity and hold down several jobs. Now that kidney 
transplant recipients and dialysis patients are no longer 
afforded a celebrity status, most return to a normal life. 

The overall results of renal transplantation have re- 
mained static during the past several years in most cen- 
ters. *!^ It is clear that the success of this treatment of 
chronic renal failure is limited by existing methods of im- 
munosuppression.'! While increasing numbers of allograft 
recipients survive because of improved experience, better 
understanding and care of acute postoperative complica- 
tions and allograft failure, many of the late complications of 
treatment leading to morbidity and contributing to death 
are as yet unavoidable in this intermittently uremic and 
immunosuppressed population. Transplantation clearly 
will not achieve its full potential until mechanisms of 
rejection are more completely characterized and different 
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concepts and specificities of immunosuppressive therapy 
are developed. 
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Obstructive Jaundice in Patients With Pancreatitis 





Without Associated Biliary Tract Disease 


WILLIAM B. McCOLLUM, M.D., PH.D., PAUL H. JORDAN, JR.. M.D. 


Jaundice occurring in patients with pancreatitis is usually due to 
hepatocellular injury or to associated biliary tract disease. Com- 
mon duct obstruction is occasionally caused by pancreatic fi- 
brosis, edema or pseudocyst in patients who have neither 
hepatocellular injury nor biliary tract disease. We have studied 7 
patients with obstructive jaundice due to pancreatitis who dem- 
onstrated no other known cause for jaundice. The difficulty in 
making the differential diagnosis between benign and malignant 
disease in these patients, particularly when no pain is associated 
with obstructive jaundice, is discussed. In view of the fact that the 
terminal common duct traverses the pancreas, it is uncertain why 
obstructive jaundice associated with chronic pancreatitis does not 
occur more often unless the condition is sometimes transient and 
overlooked. Operative intervention is required in those patients in 
whom jaundice is persistent. Operation is intended to decompress 
the biliary tract and the pancreas. The approach used will be 
dictated by the operative findings in each patient. 


PPROXIMATELY 20% of patients with pancreatitis 

have jaundice. Jaundice associated with pancreatitis 
in the absence of choledocholithiasis usually is related to 
hepatocellular involvement; however, the coexistence of 
obstructive jaundice and pancreatitis is a recognized 
phenomenon. 

The 7 patients presented in this paper (Table 1) dem- 
onstrate the problem of jaundice due to common duct 
obstruction caused by various forms of pancreatitis in the 
absence of choledocholithiasis. The judgment made at 
operation as to whether jaundice is due to obstruction by 
chronic pancreatitis or cancer involving the head of the 
pancreas is a critical decision but less so when the patient 
has pancreatic pain for then a Whipple resection is 
equally good treatment for both types of disease. On the 
other hand, the therapeutic decision is more difficult 
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when jaundice is painless, for pancreaticoduodenectomy 
is unnecessary and undesirable therapy for benign pan- 
creatic disease whereas it is the indicated procedure for 
carcinoma of the pancreas. 


Chronic Pancreatitis 


Case 1. F. E. was a 53-year-old man. For 3 weeks he had had anorexia, 
nausea, vomiting, acholic stools, minimal epigastric discomfort, and a 
20 pound weight loss. He was a heavy alcohol inbiber. 

He was afebrile. The abdomen was distended, non-tender, and the 
liver was enlarged. The total serum bilirubin was 15.5 mg %. 

At operation, the entire pancreas was hard: the head was enlarged; 
the pancreatic duct was not palpable. The common duct measured 2cm 
in width. The gallbladder was distended, contained no stones, and was 
not inflamed. The paraduodenal lymph nodes showed only inflamma- 
tory changes and pancreatic biopsy revealed fibrosis. The body and tail 
of the pancreas were resected and a pancreaticojejunostomy and 
cholecystojejunostomy were performed using a Roux-en-Y loop of 
jejunum. His jaundice did not recur but he died 3 months later with 
widespread metastatic carcinoma of the pancreas. The pancreas re- 
moved at operation revealed chronic pancreatitis and no cancer. 

Comments: Severe jaundice and diabetes were the first 
manifestations of this patient's pancreatic disease. Six 
weeks after noting jaundice and other vague symptoms 
he underwent exploratory laparotomy. Gross and mi- 
croscopic examinations were consistent with chronic pan- 
creatitis. Painless chronic pancreatitis has been em- 
phasized by Goulston? and is usually discovered after the 
onset of steatorrhea, pancreatic calcification or diabetes; 
or at the time of autopsy. Painless chronic pancreatitis 
presenting primarily because of jaundice is rare but has 
been reported by Weinstein and his collaborators.’ 

All the evidence in this patient suggested the diagnosis 
of pancreatitis rather than cancer. Our objective at opera- 
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tion was therefore to preserve as much gland as possible 
and at the same time satisfactorily decompress the pan- 
creatic and common bile ducts. Distal pancreatectomy 
with pancreaticojejunostomy and decompression of the 
biliary system seemed more appropriate than pan- 
creaticoduodenectomy since pain was not the patient’s 
major complaint. It was also preferable to the more dif- 
ficult lateral pancreaticojejunostomy since multiple stric- 


On the 9th postoperative 
day patient was re- 
explored for jaundice 


OBSTRUCTIVE JAUNDICE 


TABLE |. Patient Summaries 
TUTTI Het TT nettement ett m a Sr a a T Tu tte RR OE et 


iary tract but 
otherwise normal 


Operation 


Resection of body and 
tail of pancreas. Roux- 
en-Y Pancreaticojejun- 
ostomy and cholecvsto- 
jejunostomy 


Longitudinal pancre- 
alicojejunostomy using 
Roux-en-Y 

limb. T-tube drain- 
age of the common 
duct 


Caudal pancreatectomy 
with Roux-en-Y pan- 
creaticojejunostomy and 
cholecystojejunostomy 
Cholecystectomy, 
Sphincterotomy 
longitudinal jejunostomy 
with Roux-en-Y loop 


Choledochogastrostomy 


Resection of abdominal 
aortic aneurysm 


Cystoduodenostomy 


Cystoduodenostomy, 
Placement of T-tube 
in common duct 


Cystoduodenostomy 


Operative Operative 
Case History Findings Diagnosis 
Dem DINNER TCC CL LCL LCL NALA TTT Te NAC tt tte e H R MER ERR RR HUÓ REUNIR 
1 53 years old with pain- Entire pancreas was Chronic. 
less jaundice for 4 firm. G. B. was nor- pancreatitis 
weeks. Diabetic and mal but distended 
alcoholic 
2 38 years old, alcoholic Entire pancreas was Chronic 
with painful jaundice firm. A small cyst pancreatitis 
for one month was present in the 
head. The biliary 
tract was distended 
but normal 
3 76 years old, diabetic Enlarged edematous Acute and 
who had painless jaun- pancreas. The bil- chronic 
dice for 6 months iary tract was pancreatitis 
dilated but normal d 
4 44 years old, diabetic, Entire pancreas was Chronic 
alcoholic with pancrea- firm. Single stone in pancreatitis. 
titis and cholelithiasis gallbladder Cholelith- 
lasis 
å Painless jaundice for Entire pancreas was Chronic 
2 weeks firm. Common duct pancreatitis 
was dilated but 5 
normal 
5 62 years old with pain- Diffuse enlargement Pancreatitis 
less jaundice and sus- and edema of the pan- and abdominal 
pected pseudocyst that creas and abdominal aneurysm 
gradually disappeared, aortic aneurysm. No 
also had abdominal pseudocyst 
aortic aneurysm 
2 62 years old with re- 10 em fluctuant mass Pseudocyst, 
currence of painless in head of pancreas. head of pan- 
jaundice and palpable Dilated biliary tract creas 
pseudocyst but otherwise normal 
6 53 years old with pain- 8 cm mass in head Pseudocyst 
ful jaundice for 2 of pancreas. Dilated of head of 
weeks biliary tract but pancreas 
otherwise normal 
7 33 years old, Edematous pancreas Postopera- 
underwent vagotomy and saponification of tive acute 
and partial gastrectomy. fat. Distended bil- pancreatitis 


A — HÀ 








Postoperative 
Course 


Died in 3 months 
with disseminated 
carcinoma of 
pancreas. 


Did well for 6 years. 
Developed pancre- 
atic insufficiency 
and died m 7 years 


Pancreaticojejun- 
ostomy leaked. 
Patient expired on 
13th postoperative day 


Did well for one 
year 


Required hgation of 
bleeding point at 
pancreaticoiejun- 
ostomy. Doing well 
7 years after initial 
operation. 


Three months later 
pseudocyst returned 


Has done well for 
6 months 


Expired on [0th 
postoperative day 
of aspiration 
pneumonia 


Patient became 
febrile and was re- 
explored 39 days 
later for abscess. 
Patient expired 

12 hours later 


————— M 





tures of the pancreatic duct did not exist, This patient 
illustrated the difficulty of distinguishing between cancer 
and pancreatitis in the presence of painless jaundice and 
emphasized the fact that both conditions may coexist. 
Case 2. T. C., a 38-year-old man, drank one pint of whiskey daily and 
had been treated previously for acute pancreatitis. One month before 
admission he developed epigastric pain which penetrated to his back. 
He became nauseated, was unable to eat, lost 20 pounds and developed 
progressive jaundice. 
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He was afebrile but appeared chronically ill. His sclera were icteric. 
There was tenderness in the epigastrium and left upper quadrant with- 
out rebound or guarding. The stool was light brown and the total serum 
bilirubin was 6.5 mg%. 

At operation the entire pancreas was hard and the main pancreatic 
duct was palpable. The head of the pancreas was enlarged and con- 
tained a cyst from which 30 ml of slightly turbid yellow fluid was 
aspirated. The common bile duct and gallbladder were distended but 
contained no stones. There was edema and inflammation throughout 
the lesser sac and multiple lymph node biopsies revealed only 
hyperplasia. The biliary tract was decompressed easily after the cyst 
was evacuated. Nevertheless, the common duct was drained with a 
T-tube. The pancreatic duct was opened longitudinally. It was found to 
have continuity with the small cyst in the head of the pancreas. Internal 
drainage of the pancreas was established by a Roux-en-Y lateral pan- 
creaticojejunostomy. 

The patient regained weight and was well for 5 years, having 
abstained from alcoholic intake. At 6 years he complained of weight 
loss, weakness, anorexia and oily, floating stools. He improved with 
pancreatic enzymes and a high caloric diet. One year later he died from 
respiratory and hepatic insufficiency. 


Comments: The preoperative diagnostic dilemma in 
this alcoholic patient was whether his jaundice was re- 
lated to intrahepatic disease due to alcoholism or to ex- 
trahepatic obstruction due to common duct stone, pan- 
creatic inflammation or cancer. He had experienced re- 
current episodes of epigastric pain of increasing severity 
and frequency. Although there is no pain pattern which 
delineates chronic relapsing pancreatitis from other dis- 
ease processes, his symptoms prior to operation were 
consistent with the diagnosis of chronic, alcoholic pan- 
creatitis. 

Decompression of the biliary system after the pancrea- 
tic cyst was emptied provided adequate evidence that the 
jaundice resulted from extrahepatic obstruction rather 
than intrahepatic disease. All indications suggested that 
the obstruction was due to chronic relapsing pancreatitis 
although this conclusion was not arrived at without some 
fear that a concomitant cancer was being overlooked as 
in the first case. The fact that the patient lived 6 years 
after surgery provided ample evidence that the ex- 
trahepatic block was the result of pancreatitis rather than 


cancer. 

Case 3. J. C., a 76-year-old man, had not used alcohol in 10 years. He 
had undergone a partial gastrectomy and gastroduodenostomy for be- 
nign gastric ulcer 6 years ago. Five and one-half years later he de- 
veloped weakness, polydipsia, polyuria, a 15 pound weight loss and 
painless jaundice. The liver was tender to palpation. The patient re- 
quired 25 units NPH insulin daily. The serum bilirubin rose to 19.5 mg% 
and the alkaline phosphatase to 42.1 Bodansky units. 

At operation the pancreas was enlarged and edematous throughout. 
The gallbladder and common duct were dilated. A transduodenal needle 
biopsy of a mass in the head of the pancreas was performed and 25 ml of 
clear fluid was aspirated. Pancreatic and lymph node biopsies revealed 
no cancer. A caudal pancreatectomy followed by pancreaticojejunos- 
tomy and cholecystojejunostomy were performed using a Roux-en-Y 
technique. The pancreatic duct in the body of the pancreas communi- 
cated with the small cyst. The resected pancreas demonstrated chronic 
inflammatory changes. On the eight postoperative day the patient was 
reexplored because of leakage from the pancreaticojejunostomy. He 
expired 5 days later. 
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Comments: This man was quite elderly compared to 
most patients when he manifested his initial symptoms of 
pancreatitis. This patient, as did the first, presented be- 
cause of symptoms of diabetes and painless jaundice, and 
without autopsy confirmation we cannot conclude that he 
did not have carcinoma of the pancreas as well as pan- 
creatitis. It seems reasonably certain, however, that his 
pancreatitis was responsible for the obstructive jaundice. 

The operative treatment in this patient was distal pan- 
createctomy with Roux-en-Y pancreaticojejunostomy 
and cholecystojejunostomy, the same as Case 1. How- 
ever, the procedure was performed in the presence of 
significant inflammatory changes throughout the pan- 
creas and adjacent tissues which played a role in the 
disruption of the pancreatic anastomosis and the pa- 
tient's subsequent death. In retrospect, with the absence 
of pain this elderly man was overtreated and could have 
been managed satisfactorily and probably without mor- 
tality by simple decompression of the biliary tree alone. 


Chronic Pancreatitis After Biliary Surgery 


Case 4. W. H., a 44-year-old alcoholic, had been treated on three 
previous occasions for acute pancreatitis. Oral cholecystotography dem- 
onstrated a gallstone. At operation the pancreas was enlarged and 
nrm throughout. Ihe gallbladder, containing a single stone, was re- 
moved. A sphincterotomy was done to permit a pancreatogram which 
demonstrated multiple stenosis with intermittent pooling of dye 
throughout the length of the duct. A Roux-en-Y lateral pan- 
creaticojejunostomy was performed. 

The patient returned to work, gained weight and continued to drink 
alcohol. He was asymptomatic for one year and then developed pain- 
less jaundice. The liver was palpable three fingerbreadths below the 
right costal margin and was tender. His total serum bilirubin was 26.1 
mg %, alkaline phosphatase 31.8 Bodansky units and serum amylase 17 
mg %. At reoperation there was a firm mass involving the head of the 
pancreas and a dilated common duct. There was no evidence of a 
retained common duct stone. A choledochogastrostomy was per- 
formed. The patient is presently 7 years after his original operation. He 
is working and is asymptomatic. 

Comments: This patient had cholelithiasis as well as 
pancreatitis present at his first operation. We elected to 
treat both disease processes at the same time. The pres- 
ence of a stone in the common duct at the ampulla of 
Vater can explain the coexistence of pancreatic and 
biliary tract disease, but the association of pancreatitis 
and a single gallstone in the gallbladder as in this patient 
may be either fortuitous or have a common, but presently 
unknown, relationship. 

Correction of the biliary tract disease and retrograde 
decompression of the pancreatic duct did not arrest the 
progression of the inflammatory disease in the head of 
the pancreas which ultimately caused obstructive jaun- 
dice. The progression of pancreatitis after the gallbladder 
was removed suggested that it was due to the continued 
intake of alcohol and completely unrelated to biliary tract 
disease. Choledochogastrostomy to relieve jaundice was 
used in this patient for technical reasons. It is not fre- 
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quently used for this purpose but can be performed with- 
out fear of injury to the gastric mucosa. 


Pancreatic Pseudocyst 


Case 5. C. S., a 62-year-old man, had a long history of excessive 
alcohol intake and intermittent severe epigastric pain radiating to the 
right upper quadrant and penetrating to his back, relieved by sitting up 
and leaning forward. He experienced vomiting and noted acholic stools 
and jaundice. Total serum bilirubin was 15.9 mg %, alkaline phos- 
phatase 750 IU, and serum amylase was 452 mg %. He had an abdomi- 
nal aortic aneurysm in addition to a palpable mass in the left upper 
quadrant which was separate from the aneurysm. The mass disappeared 
slowly and his jaundice resolved in two weeks allowing the abdominal 
aortic aneurysm to be resected. At operation the pancreas was diffusely 
enlarged and edematous without evidence of cystic formation. The 
gallbladder and common duct appeared normal. Three months later 
there was a recurrence of epigastric discomfort, jaundice, dark urine 
and acholic stools. A large palpable epigastric mass was present. The 
total serum bilirubin was 9.9 mg %, alkaline phosphatase 940 IU, and 
fasting blood sugar 93 mg %. 

Because of persistence of the mass and increasinz jaundice surgery 
was performed. There was a 10 cm cystic mass in the head of the 
pancreas adherent to the duodenum. The distal pancreas was not ab- 
normal. The common duct was 2 cm in diameter but there was no 
evidence of biliary tract disease. A cystoduodenostomy was performed. 
After decompression of the cyst the biliary tract drained freely through 
the ampulla of Vater. All laboratory studies returned to normal and the 
patient has remained well for 6 months. 


Comments: When this patient was first seen with jaun- 
dice he was thought to have a pancreatic pseudocyst. 
Both the jaundice and the mass disappeared spontane- 
ously and absence of a cyst was confirmed at operation 
for the abdominal aortic aneurysm. Subsequently the 
sequence of epigastric mass and jaundice recurred and a 
pancreatic cyst was confirmed at operation. Disappear- 
ance of the jaundice following decompression of the cyst 
indicated that obstruction of the common duct was due to 
its compression by the cyst. In Warren's! opinion, cys- 
toduodenostomy is less satisfactory for decompression 
than cystgastrostomy because of the proximity of the 
common bile duct and gastroduodenal artery and also 
because the recurrence rate may be greater. We have 
decompressed pancreatic pseudocysts into the stomach, 
duodenum and less frequently the jejunum depending on 
the proximity of the cyst. Our experience does not 
suggest that results of decompression into the duodenum 


are less satisfactory than drainage into the stomach. 

Case 6. L. S., a 53-year-old man, complained of diffuse abdominal 
and anterior lower chest pain, dark urine and increasing jaundice for 
two weeks. Excessive alcohol intake was denied. He was chronically ill 
and deeply jaundiced. The abdomen was tender in the right upper 
quadrant. Stools were acholic. The total serum bilirubin was 18.5 mg 46, 
alkaline phosphatase 1400 IU, serum amylase 880 mg % and fasting 
blood sugar 100 mg %. 

Operation revealed an 8 cm fluctuant mass in the head of the pan- 
creas. The distal pancreas was normal. The common duct was dilated 
but the gallbaldder was not diseased. A cystoduodenostomy was per- 
formed which did not decompress the biliary system. The common duct 
was explored and no stones were found. A T-tube was placed in the 
common duct and a cholangiogram revealed that the distal common 
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duct was compressed but patent. Postoperatively, the patient's bilirubin 
and amylase returned to normal values but he died on the thirteenth 
postoperative day. Autopsy revealed an intact suture line, chronic 
pancreatitis and severe, bilateral, aspiration pneumonia and pleural 
effusion. There was a subphrenic abscess. 

Comments: The pseudocyst in this patient occurred 
with the first episode of pancreatic disease. In the two 
patients (Cases 5 and 6) with large pseudocysts, decom- 
pression of the pseudocyst immediately relieved the 
obstructive jaundice in the first patient but not in the 
second. Two additional patients (Cases 2 and 3) had small 
cysts, 30 and 25 ml respectively. In one of these patients, 
decompression of the small cyst was adequate to relieve 
the obstructive jaundice. In three series of pancreatic 
pseudocyst Waugh’ reported 5 of 58 cases, Warren’ none 
of 118 cases, and Thomford? two of 50 cases in which 
obsiructive jaundice was due to compression >y à 
pseudocyst. These data suggest that in a group of pa ents 
with pancreatic pseudocysts, the number of patients with 
obst uctive jaundice is small whereas of those patients 
with obstructive jaundice secondary to pancreatitis with- 
out cholelithiasis, the number with pancreatic pseudo- 
cysts is high. 


Postoperative Acute Pancreatitis 


Case 7. J. H., a 33-year-old man, underwent operation for duodenal 
ulcer disease that had been present for 10 years. 

The duodenum was severely scarred and the ulcer penetrated into the 
head of the pancreas. The pancreas was otherwise normal. The liver, 
gallbaldder and common bile duct were normal. A truncal vagotomy. 
antrectomy and a Billroth II anastomosis were done. The patient de- 
veloped a duodenal fistula and became jaundiced postoperatively. 

The patient was reexplored on the ninth postoperative day. The 
entire pancreas was edematous and there was extensive saponification 
of fat. The common duct and galibladder were distended but no injury 
to the common bile duct had occurred. A cholecystostomy was per- 
formed and the duodenum and pancreas were drained. The patient 
subsequently died following a third operation required to drain a large 
subhepatic abscess involving the head of the pancreas and a second 
abscess near the tail of the pancreas. 


Comments: Postoperative pancreatitis is a recognized 
complication of gastric surgery. In one series of 70 pa- 
tients with postoperative pancreatitis, 17 patients, 5 of 
whom died, developed pancreatitis following gastric re- 
section. The association of obstructive jaundice with 
postoperative pancreatitis was not mentioned. Our pa- 
tient developed jaundice in the immediate postoperative 
period due to compression of the intrapancreatic portion 
of the common bile duct by edematous changes in the 
head of the pancreas. Although it did not occur in this 
patient, the cause of jaundice immediately after a difficult 
duodenal dissection is more likely the result of injury to 
the common duct than to pancreatitis. 


Discussion 


A primary diagnosis of chronic pancreatitis in older 
individuals who have no history of alcoholism and whose 
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symptoms are of short duration cause the surgeon con- 
cern because of the possibility of pancreatic cancer. 
When obstructive jaundice is also present the concern for 
cancer is even greater. Jaundice that occurs in associa- 
tion with pancreatitis ts usually of intrahepatic origin or 
related to choledocholithiasis. Extrahepatic bile duct 
obstruction due to pancreatitis is infrequently considered 
in the differential diagnosis of jaundice because it is so 
uncommon. It is not surprising, however, that jaundice 
occurs on this basis and it is difficult to understand why 
the dense fibrosis and edema that occur in the head of the 
pancreas do not cause obstructive jaundice more often. 

The possibility that both pancreatitis and cancer may 
coexist creates a difficult therapeutic problem for the 
surgeon treating a patient with painless obstructive jaun- 
dice. Some surgeons are of the opinion that biopsy of the 
pancreas has little role in making the therapeutic decision 
at operation, while others believe that histological con- 
firmation is required before performing pan- 
creaticoduodenectomy for suspected cancer. 

The risk of a needle biopsy of the pancreas introduced 
through the two walls of the duodenum in patients with 
jaundice is not great. It is, therefore, a warranted proce- 
dure if lymph node biopsies are negative and the diag- 
nosis is in doubt. If the patient has pain associated with 
jaundice and the surgeon is concerned that unproven 
cancer is present, the decision to resect is not difficult 
because pancreaticoduodenectomy is good treatment for 
painful chronic pancreatitis even though cancer is sub- 
sequently not found. However, if cancer is presumed to 
be absent, there are other surgical alternatives, that may 
be used in a given patient more easily and safely than 
pancreaticoduodenectomy when acute and chronic in- 
flammation are present and pain is absent. The operation 
of choice in patients with common bile duct obstruction 
is based on the necessity to provide adequate drainage of 
the biliary tree and the pancreatic duct to relieve pain and 
to preserve as much pancreatic tissue as possible. The 
precise operative approach to follow in a given patient 
must be determined at operation. 
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The difficult decision is whether to resect the pancreas 
when (1) jaundice is present (2) there is a tumor confined 
to the head of the pancreas (3) there is no positive diag- 
nosis of cancer (4) and the patient has no pain. Undoubt- 
edly an occasional mistake in judgment as to whether the 
pancreas should or should not be resected will be made. 
This is exemplified by our first patient who died from 
carcinoma of the pancreas 3 months after treatment for 
suspected benign disease. Gambill! reported that 3 of 26 
patients who had extensive pancreatitis with jaundice as 
one of their initial symptoms also had carcinoma. Pain- 
less jaundice of the obstructive type is usually considered 
indicative of carcinoma of the head of the pancreas and 
our first patient proved this rule, yet two of our patients 
(Cases 3 and 4) who had painless obstructive jaundice, 
had chronic pancreatitis without carcinoma. 

The anatomical basis whereby the common bile duct 
can become obstructed in the presence of pancreatitis is 
well known. Approximately 60% of all individuals have 
the distal portion of the common duct enclosed in pan- 
creatic tissue. In the remainder, it lies adjacent and im- 
mediately posterior to the pancreas. It is easy to under- 
stand how obstruction of the common bile duct might 
result from distortion, stenosis, or compression produced 
by fibrosis, edema or cyst formation in the pancreas. 
These factors contributed to obstruction in each of the 
patients reported and the curious fact is that obstructive 


jaundice on this basis occurs so infrequently. 
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Heidenhain Pouch Distension as a Stimulus for Acid and 


. . Heidenhain pouches, in dogs with simple gastric fistulae, were 


distended with saline (30, 60 and 90 ml). Pouch acid and pepsin 
increased linearly with increasing saline volume. Additional pen- 
tagastrin augmented the acid but antagonized the pepsin re- 
sponses. Atropine depressed both the acid and pepsin responses to 
distention. Ganglionic blockade and local anesthetization of the 
secretory mucosa also depressed the acid but spared the pepsin 
response. 


STENSION is known to stimulate acid and pepsin 

secretion substantially in innervated, and to a lesser 
extent in denervated pouches. +% The mechanisms for 
this may involve superficial receptors or submucosal 
plexuses at either the ganglionic or postganglionic levels. 


Method 


Six dogs with long-standing Heidenhain pouches and 
simple gastric fistulae were used. Their last meal was 24 
hours before experiments started. The animals were 
placed in stands. The simple fistula was opened and 
allowed to drain. The pouch was connected via an X tube 
to a burette graduated 1 cm = 1 ml containing isotonic 
saline. Of the other two arms one was connected to a 
transducer and thence to a polygraph which gave a 
graphic record of pressure changes. The other arm was 
used to drain the system and replace saline. This was 
done at 10 min intervals. The drainage was collected, an 
aliquot was titrated to pH 7 and another was acidified for 
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pepsin estimation by Anson’s' method and expressed as 
mg of tyrosine per 10 min. collection. 

The volumes of saline introduced into the pouch were 
30, 60 and 90 ml. These rather than pressure have been 
used in the calculations. At least three collections were 
made with each volume. The mean pressures at each 
level were 16.8, 21.0 and 22.5 cm H,O respectively. 

Pentagastrin was given by continuous intravenous in- 
fusion at 0.5 ug/min which started 30 min before the first 
distension and continued through all three. Atropine sul- 
phate and pentolinium tartrate, a ganglionic blocker, 
were given as single injections, the former | mg intraven- 
ously and the latter 15 mg (i.e., 1 mg/kg) intramuscularly. 
Afteracontrolexperiment, a 0.5% solution of oxethazaine, 
a topical local anesthetic, was retained in the pouch for 10 
min. The experiment was then repeated after a thorough 
rinse. Only two collections were made since the local 
anesthetic effect was inconsistent after 20 min. The 
oxethazaine was dissolved in a solution of HCI at pH 2.8. 
Given in this fashion at this concentration there is no 
evidence of absorption. 

The effect of ganglionic blockade and of oxethazaine 
was calculated from comparison of the paired mean dif- 
ferences using the t test. The other data were analyzed by 
plotting the arithmetic regression lines relating volume of 
distending saline to secretion. Slopes and intercepts were 
subjected to analysis of variance for both arithmetic plots 
and reciprocals. These are dealt with in the discussion 
only. Throughout, the Olivetti 602 and its statistical man- 
ual were used. 
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Fic, 1. Calculated regression lines relating pepsin (left) and acid (right) 
to the volume of saline introduced into the pouch. 
Arithmetic Plot 
Slopes and significance of regression coefficient 


Acid p b Pepsin p b 
Distension with saline OO} 1.08 DS :05 62 
Distension with saline .01 1.43 DG 001 52 
+ pentagastrin 
Distension with saline .001 038 AT No sig 


after atropine 


Results 


There was a positive straight-line relationship between 
the volume of saline added to the pouch and acid and 
pepsin secretion (Fig. 1). Intravenous pentagastrin, | 
g/min, added to distension did not alter the slope of the 
acid curve but greatly increased the yield of acid at each 


level. The difference between the two line orresponded 
to the pentagastrin-stimulated acid. Addi: of pentagas- 
trin had exactly the opposite effect on in. In both 


cases the calculated intercepts on the or. te were sig- 


nificantly different. 
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Fic. 2. Means and SE's of acid and pepsin secretion in response to 
pouch distension with saline as influenced by ganglionic blockage (B) 
and a topical local anesthetic (O). The distending volumes were 60 and 
30 ml for ganglionic blockade and local anesthesia respectively. The 
mean paired differences between B and O and their distension only 
controls (C) are shown within the C bars. Both acid differences? give at 
value significant at the .01 level. 
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Atropine significantly depressed the arithmetic regres- 
sion lines for both acid and pepsin. In both cases the lines 
were significantly less steep than without atropine. The 
calculated secretions at zero distension with and without 
atropine were not different. 

Ganglionic blockade and oxethazaine rinse both de- 
pressed the acid response significantly, but neither had any 
effect on pepsin secretion (Fig. 2). 


Discussion 


The results suggest that distension stimulates acid se- 
cretion from Heidenhain pouches via a cholinergic 
mechanism consisting of a local anesthetic sensitive re- 
ceptor and a synapse. Pepsin secretion, on the other 
hand, is uninfluenced by either ganglionic blockade or 
oxethazaine. In intact stomachs and in innervated prep- 
arations it is clear from the work of Harper et al? that 
there is a vagally mediated distension reflex which in- 
creases both acid and pepsin. Other results, however, 
require an additional mechanism independent of the vagi 
for both acid and pepsin. Grossman! and Grossman and 
Debas? have observed both direct mechanical and chemi- 
cal stimulation of parietal cells. The latter was increased 
by concomitant distension. A criticism of almost all ex- 
perimental local anesthetization of the mucosa, including 
our experiment, is the absence of any independent criter- 
ion of local anesthetic activity. It is, therefore, impossi- 
ble to tell whether the local anesthetic is acting or not and 
whether or not the observed effect is due to the anesthe- 
tic properties of the agent, as it is usually assumed to be if 
the effect seen is the desired one. 

In the case of pepsin one might argue that receptors not 
accessible to a mucosal local anesthetic are involved or 
else that the effect is a direct one on chief cells which are 
directly depressed by atropine. 

The data were converted to reciprocals and maximal 
secretory rates calculated. Distension plus gastrin gave a 
much higher maximal rate for acid and a slope signific- 
antly different from that of saline alone which suggests 
different processes. There is pharmacological support for 
this idea in that pentolinium (ganglionic blockade" de- 
presses distension but not pentagastrin-stimulated acid. 
This differs from the state of affairs resulting from the 
distension of innervated fundic mucosa in which Pre- 
shaw"" and later Debas et al? have presented good evi- 
dence for antral gastrin release, the data of the former 
additionally implicating a vago-vagal pathway. 

Atropine, on the other hand, does not alter the maxi- 
mal rate for acid significantly but does significantly 
steepen the reciprocal slope. This suggests that atropine 
merely makes the parietal cell less sensitive to disten- 
sion, i.e., it exercises the usual action of atropine against 
muscarinic cholinergic mechanisms. Grossman? found 
that distension-stimulated Heidenhain pouch acid could 
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be inhibited by atropine and, therefore, suggested a local 
cholinergic mechanism. 

The pepsin data lead one to the unexpected conclusion 
that pentagastrin depresses the stimulatory effect of dis- 
tension. This has been found by Vagne and Grossman." 
It is well known that pentagastrin does not stimulate 
pouch pepsin. Schofield's data“ have shown a decline in 
pouch pepsin output following food; and Olbe's? a de- 
cline in vagally-stimulated pepsin following gastrin 
which may token an inhibitory action of the hormone on 
pepsin. 
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ORLO H. CLARK, M.D. 


Twelve elderly patients without Waterhouse-Friderichsen syn- 
drome or adrenal tumor who had spontaneous adrenal hemor- 
rhage one to 33 days after operation are described. Seven of these 
patients had operations on the gastrointestinal tract, one on the 
biliary system, two on the genitourinary system and two on the 
central nervous system. Important factors relating to adrenal 
hemorrhage included: intra-abdominal sepsis in 5 patients, 
cancer in 4, pneumonia in 4, coagulation defects in 2, exogenous 
steroids in 2, and syphilis in one patient. Spontaneous adrenal 
hemorrhage should be considered in patients whose condition 
deteriorates rapidly after operation and in whom no other expla- 
nation is plausible. Its detection and appropriate therapy can be 
lifesaving. 


PONTANEOUS ADRENAL HEMORRHAGE is an unusual 

postoperative complication which may result in the 
patient's unexpected rapid deterioration or death. The 
clinical manifestations of this condition are often subtle 
and are usually attributed to other postoperative prob- 
lems. The diagnosis, therefore, is infrequently made. 
This is most unfortunate because, if diagnosed, adrenal 
hemorrhage may be successfully treated. The purpose of 
this retrospective study is to draw attention to this fre- 
quently fatal condition and to review some of the predis- 
posing conditions with which adrenal hemorrhage is as- 
sociated. 


Clinical Manifestations 


At the University of California Hospitals, San Francis- 
co, from 1960 to 1973, evidence of postoperative adrenal 
hemorrhage unassociated with Waterhouse Friderichsen 
syndrome, documented bacteremia, or adrenal tumor 
was found in 12 patients at post-mortem examination. In 
5 of these patients adrenal hemorrhage was the principal 
cause of death and in other patients it was an important 
contributing factor. 
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Two brief case reports are described to emphasize the 
fact that in some postoperative patients, as in Case I, the 
diagnosis of adrenal hemorrhage should be made or at 
least considered if one is aware of the various clinical 
manifestations of adrenal hemorrhage. As in Case II, no 
pre-mortem symptoms or signs of adrenal hemorrhage 
are apparent. 


Case Reports 


Case 1. A 61-year old Caucasian man was hospitalized with a benign 
gastric ulcer which unfortunately, perforated at time of gastroscopy. 
Pertinent contributing history was the fact that the patient had been 
taking 7.5 mg of Prednisone daily for asthma. At operation a benign 
perforated gastric ulcer was closed without difficulty and the postopera- 
tive course was complicated by an interstitial pneumonia. The 
pneumonia appeared to be resolving when on the seventeenth post- 
operative day the patient suddenly appeared gravely ill and developed a 
fever of 39.3 C, mild confusion, and hypotension. An electrocardiogram 
and chest roentgenogram revealed no acute changes. Five blood cul- 
tures showed no growth and the patient failed to respond to intravenous 
fluid replacement and Aramine. He died on the eighteenth postopera- 
tive day and post-mortem examination revealed bilateral adrenal 
hemorrhage as the probable cause of death. The patient's moribund 
appearance, unexplained hypotension, fever and confusion were all 
clinical manifestations of adrenal apoplexy. Spontaneous adrenal 
hemorrhage should have been considered since no other more common 
cause of these symptoms and signs such as a pulmonary embolus, 
septicemia or myocardial infarction was present. 

Case 2. An 84-year old Caucasian woman was seen by the urology 
service for fulguration of a bladder papilloma with past history of 
surgery 7 years previously for carcinoma of the tongue. At operation 
the bladder was perforated. This perforation was immediately recog- 
nized and repaired and the patient recovered without incident. Two 
weeks later, there was a second transurethral resection of the bladder 
tumor. The evening of operation, the patient fell out of bed. This may 
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have been due to confusion and four hours later she was found dead in 


bed. 


At post-mortem examination bilateral adrenal hemorrhage and ad- 
renal vein thrombosis were found. The adrenal medulla of both glands 
were replaced by hemorrbagic clot and the cortex was compressed by 


Case 


riy arti 


LHS 


3, BE 


4,WK 


6,AM 


7,VP 


8, HE 





Age Sex 


Operation 





61.M Gastroscopy with post 


84.M 


81,M 


86,F 


69,M 


74.M 


82.M 


70.F 


gastroscopy gastric 
perforation. Treated 
by closure of benign 
gastric perforation 


Two transurethral 
resections for 
bladder papilloma 


Right colectomy 


Cholecystojejunostomy 


Gastropexy for hiatal 
hernia and gastrostomy 


‘Transurethral resection 
prostate 


Surgical drainage of 
perforated appendix 


Double barrel 
colostomy 
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the expanding hematoma. There was also extension of the hemorrhage 


into the periadrenal tissues. The pituitary was normal and there was no 


TABLE |. Postoperative Adrenal Hemorrhage. 


Benign gastric ulcer; resolv- 
ing interstitial pneumonia; 
Asthma, (Rx-Prednisone 

7.5 mg daily) 


Bladder papilloma, status 

post transurethral fulgura- 

tion with perforation 15 days 
prior to death; atherosclerosis; 
History of carcinoma of tongue 


Carcinoma cecum with exten- 
sion to bladder; carcinoma 
prostate; bronchopneumonia 


Adenocarcinoma of common bile duct 
with total obstruction 


Atherosclerosis: S/P resection 
Zenker diverticulum; P/O wound 
infection and leakage around 
gastrostomy 


Benign prostatic hypertrophy 
with postoperative hemorrhage 
requiring 22 units of blood. 
Cardiac arrest 


Perforated appendix with abscess 
formation and minimal peritonitis; 
syphilis with dilated base aorta, 
and Argyll Robertson pupils; 
hemorrhagic spleen 


Diverticulitis with perfora- 
tion and peritonitis; athero- 
sclerosis, pneumothorax 


Continued 


Time From 
Operation 
to Death 


IS dys 
and | 
dy 


10 dys 


13 dys 


51 dys 
after 
Zenker's 
diverticu- 
lectomy, 22 
dys after 
hiatal hernia 
repair 


16 dys 


2 dys 


1.5 dys 





evidence of residual carcinoma of the tongue. 
A summary of the pertinent facts in 
adrenal hemorrhage are listed in Table 


Major Clinical and 
Laboratory Findings 


Acute onset of hypo- 
tension confusion and 
fever (39.3 C) (Nega- 
tive blood cultures) 


Pre- mortem confusion 


Confusion and dis- 

orientation pre and 

postop. Electrolytes 
normal 


Weakness, jaundice 
and anorexia pre 
and postop. 
Electrolytes normal. 
Febrile prior to 
demise 


sudden development 
of cyanosis, dyspnea 
and hypotension 


Pre-mortem shortness of 
breath and hypotension, 
Elevated blood urea 

nitrogen (136 mg/100 ml) 


creatinine (2.3 mg/100ml) 


Anorexia, abdominal 
pain fever (38.6 C) 
leukocytosis 


Anorexia, emesis, 
abdominal pain, 
temperature (36.1 C) 





12 
I 


miarami 


patients with 
Eight of the 
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Adrenal 
^uthologv 


adrenal 
hemorrhage 


Acute bilateral 
hemorrhage with 
bilateral vein 
thrombosis and 
hemorrhage into 
periadrenal tis- 
sue, Pituitary 
normal 


Adrenal infarc- 
tion with adrenal 
vein thrombosis 


Bilateral 
adrenal ne- 
crosis and 
hemorrhage. 
Bilateral 
adrenal vein 
thrombosis 


Bilateral 
adrenal 
infarction 
with adrenal 
vein 
thrombosis 


Bilateral 
hemorrhage in 
medulla with 
extension into 


al and venous 
thrombosis 
and inflamma- 
tory cells in 
periadrenal fat 


Massive 
hemorrhage 
with extrav- 
asation into 
penadrenal 
tissues 


Righi adrenal 
hemorrhage. 
Pituitary 
normal 
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TABLE 1. Postoperative Adrenal Hemorrhage (continued) 


Mamanman a an r 


Time From 
Operation Major Clinical and Adrenal 
Case — Age,Sex Operation Associated Conditions to Death Laboratory Findings Pathology 
ect a METTE ee HORUM HENCE HIN HOCH IR MULA NC INIMA tt a nee tae RR LA AULAM HS te 
9,DP  82.M  Sigmoid resection Volvulus of sigmoid colon 1i dys Premortem hypotension Bilateral 
with obstruction; athero- and abdominal pain. adrenal hemor- 
sclerosis Serum potassium rhage limited to 
ranged from 2.0-5.3mg%  midportion of 
"difficult to regulate” cortex 
10,.RE  82,M Cecostomy Obstructing villous adenoma of 33 dys Weight loss, leukocytosis Bilateral 
rectosigmoid; chromaphobe and subnormal tem- adrenal hemor- 
adenoma of pituitary gland, con- perature rhage with uni- 
gestive heart failure, Hashimoto's lateral adrenal 
thyroiditis vein 
thrombosis 
IL, WR. 63,F Laminectomy Rheumatoid arthritis. Pneumonia 6 dys Abdominal distension Bilateral 
(aspiration). Steroids for adrenal 
arthritis, Thyroid adenoma hemorrhage 
left greater 
than right 
12,0G  62,M  Fronto-temporal Small adrenocortical adenoma; 15 dys Febrile (40.0 C) Bilateral 
craniotomy carcinoma hing with metastasis elevated blood urea adrenal 
to brain; infected craniotomy wound nitrogen (31 mg%) hemorrhage 





patients were men and 4 were women. The mean age was 
72 years; the youngest patient was 61 years old and the 
oldest was 86 years old. Eight of the 12 patients had 
bilateral adrenal hemorrhage. Seven patients had had 
operations on the gastrointestinal system and three of 
these patients had had preoperative intestinal perforation 
with peritonitis. One patient had a perforated benign 
gastric ulcer, one had a perforated appendix with abscess 
formation, and another had a perforated colonic diver- 
ticulum. The other gastrointestinal operations were an 
anterior gastropexy and gastrostomy for a hiatal hernia, a 
right colectomy for carcinoma of the cecum, a cecostomy 
for an obstructing villous adenoma of the rectosigmoid 
and a sigmoid resection for a sigmoid volvulus with 
obstruction. One patient had a cholecystojejunostomy 
for biliary obstruction due to adenocarcinoma of the 
common bile duct. Two patients had complications after 
urological operations, one following a prostatectomy and 
the other after fulguration of a bladder papilloma. The 
first of these patients had a massive hemorrhage requir- 
ing 22 units of blood and resulting in cardiac arrest; and 
the second patient had perforation of the bladder. 
Another patient had bilateral adrenal hemorrhage after a 
craniotomy for metastatic carcinoma of the lung with 
postoperative wound infection. The last patient, who had 
bilateral adrenal hemorrhage 6 days after a laminectomy, 
had been taking steroids for arthritis and also had 
pneumonia. 

This group of elderly patients with postoperative ad- 
renal hemorrhage had many other problems that have 


been described in association with spontaneous adrenal 
hemorrhage. Intra-abdominal sepsis (5 patients) and in- 
tracranial sepsis (1 patient) without positive blood cul- 
tures, occurred in 6 cases, bronchopneumonia and 
tracheobronchitis in 4 patients, carcinoma in 4 patients, 
coagulation defects in 2 patients, syphilis in | patient and 
2 patients were taking exogenous adrenal corticosteroids. 
Associated endocrine problems were present in three 
patients. One patient had Hashimoto's thyroiditis and a 
chromophobe adenoma of the pituitary; one patient had a 
thyroid adenoma; and another had a small unilateral ad- 
renocortical adenoma. The latter patient had bilateral 
adrenal hemorrhage at post-mortem examination. The 
association of Hashimoto's thyroiditis and adrenal 
hemorrhage suggests the possibility of Schimidt's syn- 
drome, an autoimmune disease characterized by 
hypothyroidism and hypoadrenalism. 

The signs and symptoms of postoperative adrenal 
hemorrhage were difficult to distinguish from the clinical 
manifestations resulting from operation or preoperative 
problems. Pain, anorexia, emesis, confusion, hypoten- 
sion, fever, abdominal distention and cyanosis occurred 
in many of these patients but these symptoms were 
masked by their other clinical problems. Similarly, eleva- 
tion of white cell count and blood urea nitrogen were 
found in several patients but other causes for these non- 
specific increases were present. Unfortunately, since ad- 
renal hemorrhage and acute adrenal insufficiency were 
not suspected, quantitative eosinophil counts, serial elec- 
trolyte and plasma cortisol levels were not determined. 
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Discussion 


Spontaneous adrenal hemorrhage may develop without 
predisposing conditions but more often occurs in patients 
subjected to severe stress.^!$ Extensive adrenal hemor- 
rhage has been described in association with many of the 
conditions that occurred in the patients in this series, 
such as gastrointestinal perforation with intra-abdominal 
sepsis," septicemia,?9 coagulation disorders ,*:!5:!? 
abdominal or intracranial tumors or injuries, +163? can- 
cer,” administration of steroids ?? and syphilis, even with- 
out the added stress of a surgical procedure. Other im- 
portant conditions predisposing to adrenal hemorrhage 
not found in our group of patients are the involution of 
the adrenal gland in the newborn? or in women im- 
mediately post partum.^?? Of interest is the fact that in 
our patients postoperative adrenal hemorrhage never oc- 
curred after minor surgical procedures, or for that matter 
without associated illnesses. Spontaneous adrenal 
hemorrhage, however, has also been reported without 
known predisposing conditions .?? 

Surprisingly, only 4 other reports of postoperative ad- 
renal hemorrhage have been published ?!'!??* Taylor 
was the first to draw attention to the association of 
surgery and adrenal hemorrhage when he reported the 
case of a 54-year-old woman who died of bilateral adrenal 
hemorrhage 24 days after a posterior gastroenterostomy 
and three days after a duodenjejunostomy for duodenal 
obstruction. This patient also had intestinal diver- 
ticulosis, pneumonia and pernicious anemia. She de- 
veloped the classical symptoms of adrenal hemorrhage 
after her second operation; emesis, apathy, back pain, 
fever and eventually coma. ‘‘The general picture 
suggested peritonitis, but the examination of the abdo- 
men did not confirm the diagnosis.’ 

Six of the 23 patients described by Botteri had adrenal 
hemorrhage after an operation. Two of these patients 
died after gastric resections, performed for gastric car- 
cinoma and for duodenal ulcer. The latter patient had 
bronchopneumonia and was taking ACTH and cortisone. 
Two patients died after operations on the biliary system, 
one patient died after a splenectomy, and the last patient 
died after a closed reduction of a dislocated shoulder 
performed under general anesthesia.” 

Fox reported unilateral adrenal hemorrhage in 8 pa- 
tients with gastric cancer who died after major operations 
on the stomach, and in a ninth patient who died after 
partial nephrectomy. He attributed the hemorrhage to 
direct damage to the adrenal gland or to its blood supply 
during operation because in each patient the adrenal 
hemorrhage occurred on the same side as the operative 
procedure. However, 4 of his patients had anastomotic 
leaks and 3 had bronchopneumonia.” The more frequent 
occurrence of adrenal hemorrhage with surgery on the 
biliary and gastrointestinal systems, especially when as- 
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sociated with intra-abdominal sepsis or cancer, is 
noteworthy. 

The actual incidence of postoperative adrenal hemor- 
rhage is unknown; many cases are never diagnosed and 
unilateral adrenal hemorrhage may not result in adrenal 
insufficiency. The incidence of adrenal hemorrhage in 
post-mortem examinations ranges from 0.14 to 0.69% 
(Table 2). Mitchell and Angrist** and Plaut? reported an 
incidence of adrenal hemorrhage of 0.6 and 9% respec- 
tively in consecutive post-mortem studies but the au- 
topsy findings correlated poorly with the clinical findings 
in these patients. 

Adrenal hemorrhage seems to primarily affect the 
aged, as all of our patients were 61 years of age or older. 
Greendyke® found that 70% of his patients were 56 or 
older and 36% were over 70 years of age. There was a 
marked predominence of men in our series, but previous 
reports suggest an equal incidence in men and women. In 
women, however, the mean age is often considerably 
younger because adrenal hemorrhage is frequently as- 
sociated with a difficult pregnancy or delivery. Bilateral 
hemorrhage is most frequent in this group of patients. 
Botteri found 14 of 23 cases to be bilateral, Berte 17 of 
24 cases and Clark, et al. 4 of 7 cases. In contrast, 
Greendyke™ found bilateral adrenal hemorrhage in only 
33% of his patients. When unilateral adrenal hemorrhage 
occurs, it usually involves the right adrenal gland. 
Theories to explain why right-sided hemorrhage is more 
common are based upon its more vulnerable position in 
front of the spinal column and its direct venous drainage 
into the inferior vena cava. With bilateral adrenal hemor- 
rhage, acute adrenal insufficiency rapidly develops. 
Symptoms of acute adrenal insufficiency are agitation, 
confusion, profound lethargy, emesis, fever and progres- 
sive asthenia with hypotension, cyanosis and tachycar- 
dia. In animals these changes occur in 2 to 3 days" 
following bilateral adrenalectomy. A similar temporal 
sequence occurs in patients with adrenal hemorrhage 
secondary to anticoagulation.! It also takes 2 to 3 days for 
the classical hyponatremia and hyperkalemia to develop. 
The symptoms resulting from adrenal hemorrhage may 
be due to acute adrenal insufficiency, retroperitoneal 
hemorrhage, or to both of these problems. In most cases 
the hemorrhage, contained within the retroperitoneum is 


TABLE 2. Incidence of Adrenal Hemorrhage (Unassociated with ad- 
renal tumor of Waterhouse-Friderichsen syndrome) 
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Hemorrhage No. of Áutopsies % 
Botteri & OrelP (1964) 15 10832 14 
Greendyke” (1965) 33 21000 16 
Amador! (1965) 30 4325 69 
Jagatic!$ (1967) ]2* 1793 .32 
Fox"? (1969) 5 1239 .40 
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limited in amount, but massive hemorrhage has been 
described.” Of clinical importance is the fact that unilat- 
eral adrenal hemorrhage sometimes causes acute adrenal 
failure with an increase in the eosinophil count and a 
decrease in serum 17 hydroxy-and 17-ketosteroid con- 
centration." An eosinophil count of 50mm? or greater 
is considered to be highly suggestive of adrenal insuffi- 
ciency in the acutely ill? 

Wilbur and Rich?? were the first to demonstrate the 
experimental induction of adrenal tubular degeneration in 
rats by giving them pharmacological doses of ACTH. 
Rich” had previously observed focal adrenal necrosis in 
the adrenal glands of two patients with fulminating infec- 
tion. Proctor and Rawson? found that corticosteroids 
increase the sensitivity of the adrenal cortex, leading to 
necrotic degeneration and massive bleeding. Shaberg?? 
demonstrated small focal hemorrhages associated with 
necrotic cells in the adrenal cortex of guinea pigs treated 
with 30 mg of ACTH for 24 hours. Barta, Beregi and 
Jellinek? produced adrenal hemorrhage in rabbits by pro- 
voking insulin shock and simultaneously administering 
cortisone. Selye?' found adrenal hemorrhage infrequently 
after operation in man but adrenal congestion and hemor- 
rhage was more common in the cat. Levin and Cluff'! 
produced adrenal hemorrhage by giving Thoratrast, 
ACTH, or endotoxin—all of which cause intensive ad- 
renal stimulation. Mosley and Cluf£? showed that these 
agents produced multiple coagulation defects and 
vascular-wall injury. Margaretten, et al.” produced ad- 
renal hemorrhage in rats by disseminated intravascular 
clotting and inhibition of fibrinolysis. These studies 
suggest that both exogenous ACTH and endogenous 
ACTH due to severe stress may contribute to adrenal 
hemorrhage. Boguth, Langendorff and Tonutti* dem- 
onstrated the importance of the pituitary in adrenal 
hemorrhage since the histological changes induced in 
guinea pig adrenal glands by diphtheria toxin were pre- 
vented by previous hypophysectomy. Heparin and other 
anticoagulants predispose patients to adrenal hemor- 
rhage. Heparin also inhibits aldosterone biosynthesis 
within the adrenal gland and may result in hyperkalemia 
without adrenal hemorrhage ?* 

Other factors contributing to adrenal hemorrhage are 
vitamin and nutritional deficiencies. Deficiency of pan- 
tothenic acid in rats and vitamin C in guinea pigs may 
cause adrenal hemorrhage and necrosis"?! Operative 
procedures contribute to underlving nutritional deficien- 
cies and also may cause iatrogenic injury to the adrenal 
glands. 

The history of the patients presented here as well as 
previous reports and laboratory studies support the fact 
that postoperative adrenal hemorrhage is most likely to 
occur in the elderly, poorly nourished patient who has 
sepsis, cancer, and abdominal or intracranial operations 
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or who is treated with anticoagulants or steroids. If the 
diagnosis of adrenal hemorrhage is considered in patients 
whose condition deteriorates unexpectedly postopera- 
tively, more patients will be treated and survive. The 
diagnosis of adrenal hemorrhage after operation is a 
diagnosis of exclusion and must be considered in a pa- 
tient whose condition deteriorates unexpectedly. This 
diagnosis is supported by leukocytosis, an elevated 
BUN, a low serum cortisol concentration, an elevated 
eosinophil count and hyperkalemia with hyponatremia, 
although treatment may be necessary before these 
laboratory changes develop. Treatment should include 
glucocorticoids and either increased saline or 
mineralocorticoids. Surgical exploration may or may not 
be necessary, depending on the severity of the hemor- 
rhage. 
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Surgical House Officership 


IRA M. RUTKOW, M.D. 


The application procedure for surgical house officership was 
evaluated at 25 university affiliated surgical training programs. 
Major inadequacies were found with the present system. The 
prospective house officer often does not receive relevant, up-to- 
date or useful literature, and interviews and tours were fre- 
quently conducted in a haphazard manner. Recommendations 
are offered to improve the application process and criteria are 
provided, which should assure adequate levels of information and 
help the candidate arrive at an appropriate decision with regard 
to postgraduate training. 


ORE THAN 12,000 senior medical students grad- 

uated from American medical schools this year 
and virtually all will undertake postgraduate training and 
seek some form of speciality certification? Approxi- 
mately 35% of these new graduates will begin their in- 
ternship and residency training in either first year ‘‘flexi- 
ble’’ (rotating) programs with a major emphasis on 
surgery or in “‘categorical’’ (straight) surgical programs.! 
Since 1940, the number of approved clinical training posi- 
tions in surgery* has increased 900% and now comprises 
34% of all residencies offered in the U.S. In 1973, approx- 
imately 17,000 university affiliated surgical positions 
were available, of which 93% were filled. 

In spite of the growing interest shown by medical 
graduates toward surgical careers, little consideration 
has been given to the problem of application, interview 
————Á——RP HERE 


*Figures include the following specialities; colon and rectal surgery, 
general surgery. neurological surgery, obstetrics and gynecology, op- 
thalmology, orthopedic surgery, otolaryngology, plastic surgery. and 
urology. 
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and proper evaluation of the surgical house officership. 
Students must be able to obtain up-to-date, informative 
and honest appraisals of the various training programs if 
they are to evaluate satisfactorily the institutions to 
which they have applied. 

This paper will describe the author’s experiences while 
a senior medical student (1974-1975) in evaluating univer- 
sity affiliated surgical programs. Recommendations are 
offered to improve the application process and criteria 
are provided, which should assure adequate levels of 
information and help the prospective house officer arrive 
at an appropriate decision with regard to postgraduate 
training. 

Data 

Twenty-five university affiliated surgical training pro- 
grams were initially contacted in Spring, 1974. With the 
exception of four, all are located in large urban areas of 
the Midwest, Southeast, East or Northeast United 
States. In no way were they chosen to represent a ran- 
dom selection of American surgical programs, but in- 
Stead they reflect the author's pre-application prefer- 
ences for training. After reviewing the preliminary infor- 
mation; applications, transcripts, and letters of recom- 
mendation were sent to 16 programs. Of this group, in- 
terviews were completed at 13 institutions during 
November and December, 1974. 

The application process has been divided into 3 main 
divisions of critique with 14 subcategories for evaluation 
(Table 1). These are features of the application procedure 
which, if administered satisfactorily, should assure the 
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TABLE 1. Evaluation of Application Process for Surgical Training Programs 


— MÀ Á ertt mt rre derit PAP RAN HUP iA aa TII BUS Ae S t er HATHITRUST ALIMENT UAR 2 


A) Information Available to Applicant 
l 2 


Program 
Description 
Hospital from the 
Prepared Department 
Rating Information of Surgery 
Yes 7 12 
Yes, but inadequate 2 6 
No 16 P: 
B) Condition of Interview 
1 2 
Interview 
Interviewer Concluded 
Rating on Time Early 
Yes 7 3 
Yes, but inadequate — — 
NO 6 10 
C) Other Characteristics 
i 2 
Department 
Chairman or 
Training 
Director Tour 
Rating Available Arranged 
Yes 10 7 
Yes, but inadequate — 4 
No 3 2 


3 4 5 
Completed Interview 
Interview Application Appointment 
Information Acknowledged Confirmed 
18 i 8 
6 I 
l i4 5 
3 4 
Interviewer 
Prior re- Related to 
view of Applicant's 
Applicants Speciality 
File Choice 
2 13 
11 — 
3 4 5 
House Spouse or Supplementary 
Staff Fiancé (e) Information 
Available Invited Provided 
12 3 — 
NM = i 
1 10 12 


a MD 


candidate a proper overview of the training programs 
being evaluated. Appropriate decisions can then be made 
with respect to matching. 

Initial responses from the institutions provided 3 areas 
of information needed to assess the hospital prior to filing 
the actual application. In the first (Column A-1), litera- 
ture prepared by the hospital furnished basic data about 
the institution: included are brief descriptions of the in- 
stitution and all training programs available, salaries and 
supplementary benefits, housing, geographical location, 
and recreational and cultural opportunities in the area. 
The information prepared by the hospital should not be 
confused with the program description written by the de- 
partment of surgery (Column A-2). This consisted of a 
brief statement regarding the philosophy of the program 
and descriptions of the rotations experienced while in 
training, a list ofthe surgical facilities and beds, a catalogue 
of their operative loads, mention of faculty and housestaff 
with their pertinent educational data, and any other infor- 
mation basic to that particular program. 

Seven hospitals mailed information packets which in- 
cluded all the data needed to make a preliminary evalua- 
tion of the institution, two sent inadequate brochures, 
while 16 furnished none at all. Twelve departments of 


surgery mailed program descriptions which contained all 
the previously discussed points of information, 6 were 
inadequate, and 7 sent no information. 

The third piece of initial information (Column A-3) 
concerned interviewing policy: was one required, were 
names, addresses and/or telephone numbers provided for 
scheduling, and were dates given when the interviews 
were to commence and terminate? Eighteen departments 
sent sufficient information concerning these points, 6 
were inadequate, and one sent nothing at all. 

Of the 16 programs to which application, transcript, 
and letters of reference were sent, only one acknowl- 
edged receipt of all three, while one other acknowledged 
the application only (Column A-4). At 13 institutions, 
interviews were scheduled 4 weeks in advance, but 5 
were unable to confirm the date by mail (Column A-5). 

Seven of the interviews commenced on time (within 30 
minutes of the appointed hour) (Column B- 1). but 3 of the 
13 had to be concluded early due to conflicts with other 
scheduled events on the part of the interviewer (Column 
B-2). Columns B-3 and B-4 show whether the interviewer 
had reviewed the applicant's file prior to the interview, 
and if the interviewer was selected with knowledge of the 
applicant's sub-speciality desire. Two interviewers had 
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familiarized themselves with the file prior to meeting the 
applicant and 11 chose to read it either during or follow- 
ing the interview. All 13 of the interviewers were well 
selected according to speciality choice. 

At ten of the programs, either the chairman of the 
department or the director of the training program was 
available for questioning (Column C-1). Tours were given 
in all but two institutions; 4 of the 10 proved unsatisfac- 
tory as all of the major facilities were not viewed (Col- 
umn C-2). House staff were available at 12 of the 13 
hospitals to discuss various aspects of the program (Col- 
umn C-3). In three departments, invitations were ex- 
tended to the spouse or financé (e) to accompany the 
applicant to the interview (Column C-4). At the conclu- 
sion of the interview and tour one program attempted to 
provide additional in-depth written information, and 
thereby cover any areas of questioning which may have 
gone unanswered (Column C-5). 


Discussion 


The selection of a surgical house officership plays an 
extremely influential role in shaping the career of the 
young physician. The program at which they are ac- 
cepted will often determine future surgical opportunities, 
and ultimate practice location. Yet these medical 
graduates are frequently forced to rely on inconsequen- 
tial, outdated, and at times, misleading information in 
order to arrive at a final choice. The entire process can 
prove both frustrating and ineffective to the candidate. 

It is important for the prospective applicant to receive 
useful literature prior to the interview. Inadequate de- 
scriptions of hospitals and their residency programs will 
occasionally prompt the candidate to disregard a training 
position simply because it ‘‘does not look good on paper.” 
Unfortunately, the preliminary informational packets 
were found to contain little relevant information. In the 
majority of cases this literature described only the surgical 
training and disregarded data concerning the hospital. In 
many instances it was outdated, in one case by 4 years. The 
initial information from 6 of the programs was totally 
insufficient for purposes of any preliminary assessment. 
The only way to obtain a first impression was to visit the 
hospital. 

Ideally, the preliminary response from an institution 
should provide the applicant with sufficient data so as to 
permit a reasonable decision with regard to the filing of 
applications. Included in this information should be de- 
scriptions of the various training programs offered at the 
hospital, how strong its affiliation is with a medical 
school or other institutions, statistics concerning total 
annual admissions, outpatient clinic visits, beds allotted 
to each service, library services, salaries and house staff 
benefits, housing, geographical location and recreational 
and cultural opportunities in the area. 
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In turn, the department of surgery should provide a 
short statement regarding the teaching philosophy of the 
program, a list of the surgical facilities and beds, a 
catalogue of their operative loads, a description of the 
program and all rotations including sub-specialities and 
mention of faculty and residents with their pertinent edu- 
cational background. Were all these data available, the 
decisions concerning initial application placement would 
be well planned and appropriate to each candidate. 

Subsequent to the filing of applications, interview plans 
must be completed. The scheduling of interviews, fre- 
quently long distances apart, compounded by the de- 
partment's lack of adequate instruction, can be an ex- 
tremely frustrating experience for the applicant. Since 
most interviews are arranged verbally, the initial infor- 
mation packet should contain a name and telephone 
number to be called for such purposes. In the author's 
experience an excessive amount of time, and con- 
sequently money, were spent calling institutions and re- 
ceiving wrong extensions. In addition, the simple cour- 
tesy of confirming the date by mail would provide the 
applicant with the assurance that he is expected. Both 
parties are placed in uncomfortable positions if an over- 
sight is made with regard to the interview date.’ Similar- 
ly, acknowledgement of the completed file, either at the 
time of interview scheduling or via the mail, would con- 
firm one more matter for the applicant. 

The interview is of utmost importance. Questions are 
answered concerning the training program, and appli- 
cants are able to provide additional data concerning them- 
selves. Mutual assessment takes place. Unfortunately, 
for the applicant who may have spent hundreds of dollars 
to travel to interviews, and who may be undecided and 
emotionally tense, the interview can be the most trau- 
matic and disappointing part of the entire application 
process. 

At nearly half of the hospitals, scheduled appointments 
did not take place within 30 minutes of the pre-arranged 
time. In one instance, a 1:00 p.m. interview did not begin 
until 5:30 that afternoon. To the candidate with limited 
time off from medical school, a well planned interviewing 
schedule can be easily disrupted by a late appointment. 
This can mean inadequate time left in which to tour the 
facilities and meet the house staff before traveling to the 
next hospital. 

It is equally disconcerting to arrive for the interview 
and be informed that the original interviewer is unavaila- 
ble because of scheduling mishaps and that a search is on 
for a replacement. Frequently the new interviewer has 
not had a chance to review the applicant's file and must 
take time from the interview to do this. In addition. some 
interviewers were unable to provide specific information 
about the program because of unfamiliarity with its cur- 
rent clinical structure. Furthermore, in at least three in- 
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stances, the interview was concluded early because of 
scheduling difficulties involving the interviewer. 

It is a dejected candidate who leaves an interview 
knowing that the interviewer was recruited on the spur of 
the moment, knew little about him, was unable to provide 
specific information concerning the program, and had to 
conclude the interview early because of previous com- 
mitments. When interviews are scheduled 3 to 4 weeks in 
advance it would seem that faculty schedules could be 
arranged to avoid conflicts. 

The availability of either the department chairman or 
program director was welcomed. They provided the 
applicant with an insight into the program which differs 
from that of the interviewer. If these people will be un- 
available for a given period of time, then interviews 
should not be scheduled on those days. 

Of equal importance with the interview were the tours 
of facilities and arrangements for meeting the house staff. 
At this time questions may be raised which were inap- 
propriate during the interview, and a general "feeling" 
for the program can be obtained. 

A large number of the tours were inadequate. They 
were limited in extent, often given by residents currently 
in the research lab who were unable to provide up-to-date 
information concerning the program. When house staff 
were finally located, they were frequently so overbur- 
dened with patient care that they were unable to spare 
the necessary time. Since working conditions are very 
much dependent on the house staff sharing ward respon- 
sibility with you, it is extremely important for the surgical 
department to assure the candidate the opportunity to 
meet as many of the residents as possible, including 
prospective chiefs. 

Very few of the departments extended invitations to 
the candidate's spouse or fiancé (e) to accompany them 
on the interview and tour. Since they will be sharing in 
the training experience, the opportunity to visit the pros- 
pective programs should be offered. 

Upon completion of the application process, important 
questions may still remain uncovered. To alleviate this 
problem, an in-depth description of the program should 
be provided following interview and tour. An outline is 
available which can serve as a guide for the areas of 
information to be included in such a report.” 

At two of the programs, all applicants were inter- 
viewed on the same day. In the author's experience this 
method of interviewing accentuates the best and the 
worst in the application process. Because of the large 
number of applicants, the interviewer was unable to 
review properly the file prior to meeting the candidate 
and, interviews had to be concluded early because of 
schedule crowding. In addition, the possibility of a per- 
sonal meeting with the chairman or program director was 
limited. 
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On the other hand, the house staff were more readily 
available for discussion, having been asked to set aside 
time for this purpose. The tours were better arranged and 
more informative with two senior residents per group of 6 
to 10 applicants. Most important, the presence of the 
other candidates permits one to share collective view- 
points. If this form of interviewing was conducted over a 
number of days instead of just one, then less crowding 
of schedules and greater contact between applicant and 
faculty would be possible. 

Several major inadequacies of the application process 
for surgical house officership have been discussed. Most 
can be easily rectified without great cost or effort. It is 
important to students that they receive complete and 
honest overviews of all the training programs in which 
they are interested. The applicant's seriousness in choos- 
ing an appropriate residency program must be matched 
by similar concern on the part of the hospital and de- 
partment of surgery. 


Conclusion 


Application for residency training is a costly, time con- 
suming, and serious undertaking for the senior medical 
student. Unfortunately, major inadequacies have been 
found with the present system of application and inter- 
view. The prospective house officer often does not re- 
ceive relevant, up-to-date, or useful information concern- 
ing training programs. The following recommendations 
are offered to help resolve these inadequacies: 

1) The initial correspondence with the institution 
should be answered with appropriate information. con- 
cerning both the hospital and training program in ques- 
tion. In this way, tentative appraisal of the residency can 
be made prior to filing application, and candidates are not 
obliged to seek interviews to form initial impressions. 

2) The interview policy and a telephone number for 
arrangement should be provided in the initial information 
packet. Confirmation by mail of both interview date and 
completed application file would be helpful, as would 
a map to aid in locating the hospital. 

3) Interviews should begin within 30 minutes of ap- 
pointed time with the interviewer having reviewed the 
applicant's folder. The interviewer should be familiar 
with the current state of the training program, and be able 
to answer all questions, including those on sub-speciality 
training. Scheduling conflicts should be avoided to allow 
completion of the interview. 

4) The department chairman or program director 
should be available to any applicant wishing to see the 
They provide a different insight into the mechanics of the 
program than that of the interviewer. If thev are going to 
be absent during a given time period, then interviews 
should not be scheduled during those davs. 

5) Tours should be conducted by senior members of 
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the house staff currently on ward service. It is of ques- 
tionable value to have research fellows or first year house 
officers acting as tour guides. All house staff, including 
prospective chief residents, should be easily located to 
talk with the applicant. 

6) Spouse or fiance (e) should be invited to accompany 
the applicant. Since they will be sharing in the new ex- 
perience they must be able to offer opinions about the 
training programs under evaluation, and discuss how 
their future plans would be affected. 

7) At the conclusion of the interview and tour, to 
provide answers to additional questions which might 
come up at a later date, an in-depth description of the 
program should be provided to the applicant, written by 
the faculty and giving honest appraisals of various as- 
pects of the program. 

8) The method of interviewing all applicants on the 
same day creates excessive crowding and decreases con- 
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tact between applicant and faculty. To alleviate this prob- 
lem, interviewing of this type should be conducted over a 
number of days with fewer candidates per session. 
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Unsurpassed antiemetic action helps restore 
normal digestive function so postoperative 
recovery can proceed smoothly. 


^1 dosage forms and strengths permit easy 
administration by parenteral, rectal or oral 
routes. 


‘Compazine’ is contraindicated in pediatric 
surgery and in greatly depressed states due to 
C.N.S. depressants. 


The possibility of postoperative aspiration of 
vomitus should be borne in mind. 


Before prescribing, see complete prescribing 
information in SK&F literature or PDR. The 
following is a brief summary. 












Indications 

Based on a review of this drug by the National Academy 

of Sciences— National Research Council and/or other 
information, FDA has classified the indications as follows: 
Effective: To control severe nausea and vomiting. For the 
management of the manifestations of psychotic disorders. 
Possibly effective: To control excessive anxiety, tension and 
agitation as seen in neuroses or associated with somatic 
conditions. 

Final classification of the less-than-effective indications 
requires further investigation. 











Contraindications: Comatose or greatly depressed states due 
to C.N.S. depressants; bone marrow depression; pediatric 
surgery. 


Warnings: Avoid using in patients hypersensitive (e.g., blood 
dyscrasias or jaundice) to any phenothiazine. Caution pa- 
tients about activities requiring alertness (e.g. operating 
vehicles or machinery) especially during the first few days’ 
therapy. Prochlorperazine may intensify or prolong the action 
of other C.N.S. depressants. Not recommended for children 
under 20 pounds or 2 years of age. 


Use in pregnancy only when potential benefits outweigh 
hazards. 
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Precautions: Antiemetic effect may mask toxic drug over- 
dosage or physical disorders. Postoperative aspiration of 
vomitus has occured in a few surgical patients who received 
prochlorperazine as an antiemetic. Deep sleep and coma 
have been reported, usually with overdosage. In children with 
acute illnesses or dehydration, use only under close super- 
vision. 

Adverse Reactions: Drowsiness, dizziness, amenorrhea, blurred 
vision, skin reactions. Hypotension. Cholestatic Jaundice, leuko- 
penia, agranulocytosis. Fatty changes in the liver have been 
observed in a few patients who died while receiving the drug 
(no causal relationship has been established). Neuromuscular 
(extrapyramidal) reactions: motor restlessness. dystonias, 
pseudo-parkinsonism, persistent tardive dyskinesia. Contact 
dermatitis is a possibility with concentrate and injectable forms 


Other adverse reactions reported with Compazine ‘prochlorper- 
azine, SK&F) or other phenothiazines: Some adverse effects 
are more frequent or intense in specific disorders (e.g., severe 
hypotension in mitral insufficiency or pheochromocytoma) 


Grand mal convulsions; altered cerebrospinal fluid proteins 
cerebral edema; prolongation and intensification of the action 
of C.N.S. depressants, atropine, heat and organophosphorus 
insecticides; dryness of mouth, nasal congestion, headache 
nausea, constipation, obstipation, adynamic ileus, inhibitior 

of ejaculation; reactivation of psychotic processes, catatonic- 
like states; hypotension (sometimes fatal); cardiac arrest 
pancytopenia, thrombocytopenic purpura, eosinophilia: 
biliary stasis; lactation, galactorhea, gynecomastia, menstrual 
irregularities, false positive pregnancy tests; photosensitivity 
itching, erythema, urticaria, eczema up to exfoliative dermatitis: 
asthma, laryngeal edema; angioneurotic edema, anaphy- 
lactoid reactions; peripheral edema: reversed epinephrine 
effect; hyperpyrexia; a systemic lupus erythematosus-like 
syndrome; pigmentary retinopathy; with prolonged administra- 
tion of substantial doses, skin pigmentation, epithelial keratop- 
athy, and lenticular and corneal deposits. 


EKG changes have been reported, but relationship to 
myocardial damage is not confirmed. Discontinue long-term 
high-dose therapy gradually. 


NOTE: Sudden death in patients taking phenothiazines (ap- 
parently due to cardiac arrest or asphyxia due to failure of 

cough reflex) has been reported, but no causal relationshic 
has been established. 


Supplied: Tablets—5, 10 and 25* mg., in bottles of 100: 
Spansule® capsules—10, 15, 30 and 75* mg., in bottles of 50; 
Injection—5 mg./ml.; Suppositories—2-1/2, 5 and 25 mg.; 
Syrup—5 mg./5 ml.; Concentrate (intended for institutional 
use only)—10 mg./ml.; Single Unit Packages of 100 (intended 
for institutional use only)—5 and 10 mg. tablets; 10, 45 and 
30 mg. 'Spansule' capsules. 

*For severe neuropsychiatric conditions. 


a 
Injection 5 mg./ml. 
brand of 


prochlorperazine 





nemesis 


Smith Kline & French Laboratories SKSF 
Division of SmithKline Corp., Phila., Pa. 49404 





















































































SKIN-CONFORMING KARAYA BLANKET 
PROTECTS SKIN AROUND WOUND SITE... DIRECTS 
DISCHARGE INTO ATTACHED COLLECTOR. 


THE HOLLISTER DRAINING-WOUND 
MANAGEMENT SYSTEM 


KEEPS FLUIDS AWAY FROM 
PATIENT'S SKIN AND GUARDS AGAINST 
IRRITATION AND CONTAMINATION. 


Odor-barrier, translucent Drainage Collector holds exu- 
date for visual assessment and accurate measurement. 
There are no messy, wet dressings fo handle. 


View wound through Access Cap. Remove cap for 
wound examination and drain tube adjustment. There is 
no need for painful dressing removal. 


Supplied sterile, for application in O.R. or patient's room. 


The better alternative 
to absorbent dressings. 


Write for more information. 


HOLLISTER 


HOLLISTER, INC., 211 E. CHICAGO AVE., CHICAGO, ILL. 60611 








DARVOCET-N* 100 


propoxyphene napsylate with acetaminophen 


Indication: For the relief of mild to moderate pain, either alone or accompanied by 
fever. 


Contraindications: Hypersensitivity to propoxyphene or to acetaminophen. 


Warnings: Drug Dependence—Propoxyphene can produce drug dependence 
characterized by psychic dependence and, less frequently, physical dependence 
and tolerance. Propoxyphene will only partially suppress the withdrawal syndrome in 
individuals physically dependent on morphine or other narcotics. The abuse liability 
of propoxyphene is qualitatively similar to that of codeine although quantitatively 
less, and propoxyphene should be prescribed with the same degree of caution 
appropriate to the use of codeine. 

Usage in Ambulatory Patients—Propoxyphene may impair the mental and/or 
physical abilities required for the performance of potentially hazardous tasks, such 
as driving a car or operating machinery. The patient should be cautioned accord- 
ingly. 

Usage in Pregnancy—Safe use in pregnancy has not been established relative to 
possible adverse effects on fetal development. Therefore, propoxyphene should not 
be used in pregnant women unless, in the judgment of the physician, the potential 
benefits outweigh the possible hazards. 

Usage in Children—Propoxyphene is not recommended for use in children, be- 
cause documented clinical experience has been insufficient to establish safety and a 
suitable dosage regimen in the pediatric age group. 


Precautions: Confusion, anxiety, and tremors have been reported in a few patients 
receiving propoxyphene concomitantly with orphenadrine. The central-nervous- 
system depressant effect of propoxyphene may be additive with that of other C.N.S. 
depressants. 


Adverse Reactions: The most frequent adverse reactions are dizziness, sedation, 
nausea, and vomiting. These effects seem to be more prominent in ambulatory than 
in nonambulatory patients, and some of these adverse reactions may be alleviated if 
the patient lies down. 

Other adverse reactions include constipation, abdominal pain, skin rashes, 
lightheadedness, headache, weakness, euphoria, dysphoria, and minor visual dis- 
turbances. 

The chronic ingestion of propoxyphene in doses exceeding 800 mg. per day has 
caused toxic psychoses and convulsions. 


[011375] 


DARVON® COMPOUND-65 


propoxyphene hydrochloride, aspirin, phenacetin, and caffeine 


Indication: For the relief of mild to moderate pain. 


Contraindication: Hypersensitivity to propoxyphene, aspirin, phenacetin, or caf- 
feine. 

Warnings: Drug Dependence—Propoxyphene can produce drug dependence 
characterized by psychic dependence and, less frequently, physical dependence 
and tolerance. Propoxyphene will only partially suppress the withdrawal syndrome in 
individuals physically dependent on morphine or other narcotics. The abuse liability 
of propoxyphene is qualitatively similar to that of codeine although quantitatively 
less, and propoxyphene should be prescribed with the same degree of caution 
appropriate to the use of codeine. 

Usage in Ambulatory Patients—Propoxyphene may impair the mental and/or 
physical abilities required for the performance of potentially hazardous tasks, such 
as driving a car or operating machinery. The patient should be cautioned accord- 
ingly. 

Usage in Pregnancy—Safe use in pregnancy has not been established relative to 
possible adverse effects on fetal development. Therefore, propoxyphene should not 
be used in pregnant women unless, in the judgment of the physician, the potential 
benefits outweigh the possible hazards. 

Usage in Children—Propoxyphene is not recommended for use in children be- 
cause documented clinical experience has been insufficient to establish safety and a 
suitable dosage regimen in the pediatric age group. 

Salicylates should be used with extreme caution in the presence of peptic ulcer or 
coagulation abnormalities. 

Precautions: Confusion, anxiety, and tremors have been reported in a few patients 
receiving propoxyphene concomitantly with orphenadrine. 

The central-nervous-system depressant effect of propoxyphene may be additive 
with that of other C.N.S. depressants. 

Phenacetin has been reported to damage the kidneys when taken in large 
amounts for a long time. 

Salicylates may enhance the effect of anticoagulants and inhibit the uricosuric 

effect of uricosuric agents. 
Adverse Reactions: The most frequent adverse reactions are dizziness, sedation, 
nausea, and vomiting. These effects seem to be more prominent in ambulatory than 
in nonambulatory patients, and some of these adverse reactions may be alleviated if 
the patient lies down. 

Other adverse reactions include constipation, abdominal pain, skin rashes, 
lightheadedness, headache, weakness, euphoria, dysphoria, and minor visual dis- 
turbances. 

The chronic ingestion of propoxyphene in doses exceeding 800 mg. per day has 
caused toxic psychoses and convulsions. 


Lilly 


500390 


[011375] 


Additional information available 
to the profession on request. 


Eli Lilly and Company, Inc. 
Indianapolis, Indiana 46206 








Relief from her 
postsurgical pain 


Darvocet- 


100 mg. propoxyphene napsylate ana 
650 mg. aceta minophen 


contains no aspirin 


Darvon 
Compound 


"mn 


65 mg. propoxyphene hydrochloride, 22; 
162 mg. phenacetin and 32.4 mg. coffeir 


contains aspirin 


ormidio 
moderate pain 
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Because it’s medicated. 






Because it's nonadhering. 
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Complete healing after 23 days’ 
treatment with nonadhering 
XEROFORM Dressings 


Deep partial thickness burn, first 
24 hours 
























A XEROFORM Petrolatum Gauze Dressing with 3% Bismuth 
Tribromophenate provides an astringent action that helps 
maintain a dry wound...and a mild deodorizing action as well. 

In addition, published data indicate that XEROFORM Dress- 
ings help promote epithelial cell proliferation: 


Human study' In evaluating the effects of silver nitrate and Sulfamylon" on 
the epithelization of skin graft donor sites, Bellinger and Conway found that 
both agents caused delayed healing when compared to the control, 
XEROFORM. XEROFORM was used as the control because, in their expert- 
ence. “no environment has been shown to result in faster spread of 
epithelium...” 

Animal Study? * Using Sprague-Dawley rats, another group of investigators 
studied the effect of various topical dressings on donor site epithelization 
They concluded: all dressings were superior to the control (exposure to air) 
and "Scarlet Red and Xeroform were statistically superior to all other dress- 
ings [studied] (P< .05):*t 

















XEFROFORM 






Nonadhering XEROFORM Dressings 
help prevent painful reopening 
of wound surface —help prevent 
scarring and infection 
A nonadhering XEROFORM Dressing reduces pain and 
trauma during dressing change. It clings and conforms to all 
body contours —yet avoids sticking. So it lifts off easily and 
comfortably. 

While its on. a XEROFORM Dressing helps protect the 
wound from environmental. contamination; helps prevent 
unnecessary loss of body fluids. 

XEROFORM Dressings are conveniently packaged in peel- 
able foil envelopes, with overwrap available for operating room 
use. Guaranteed sterile. 

Sizes: 1" x 8" strips (regular and overwrap). 5" x 9" strips 
(regular and overwrap) and 4" x 3 yd rolls (regular only). 

* Animal data are not intended to imply the same effect in humans. Human studies 
are now under evaluation 


*Both SCARLET RED and XEROFORM are nonadhering dressings from 


Chesebrough-Pond's Inc 
1.Bellinger, C. G. and Conway. H.: Plast. Reconstr. Surg. 45:582 June 1970 
2 Salomon. J.C..Diegelmann.R.F. and Cohen I.K.: Surg.Forum25:516.1974 


Dry gauze dressings that stick to 
the wound can hurt and can 
damage new tissue 


PETROLATUM DRESSING 
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NON-ADHERING Fine Mesh Absorbent Gauze N z 

(44/36) Impregnated with Xeroform (Bismuth | ~< 

Tribromophenate 3%) in a Petrolatum Blend oOo m z 
REOR, =~ 


Chesebrough Ponds Inc. HOSPITAL PRODUCTS DIVISION KY : 
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A Na year Bitory of pathogen susceptibility to 
Garamycin (gentamicin sulfate) — jeden 
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Source: I.M.S. Audit of Pathology Cultures —1970-74 
These in vitro data are based on results obtained from 
hospitals in a nationwide audit. (*100 hospitals reporting; 
**200 hospitals reporting.) The pathogens tested were 
obtained from all inpatient and outpatient services 
In vitro susceptibility data are not necessarily indicative 
of clinical effectiveness. 


AOMA. mil. 
Each ml. contains 


gentamicin sulfate ern 
to 40 mg. gentamic 





See Clinical Considerations section which follows... 












The seven major gram-negative pathogens 
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and Staphylococci remain highly susceptible... 


Of the seven major gram-negative pathogens encountered in the hospital,97 per cent remained 





sensitive to Garamycin in vitro over a five-year period; 96 per cent of Staphylococci remained sensitive. 


GARAMYCIN? Injectable, brand of gentamicin 
- sulfate, U.S.P., injection, 40 mg. per ml. 

Each mi, contains gentamicin sulfate equiva- 
lent to 40 mg. gentamicin 

For Parenteral Administration 


WARNING 

Patients treated with GARAMYCIN 
Injectable should be under close clinical 
observation because of the potential 
toxicity associated with the use of 
this drug. 

Ototoxicity, both vestibular and 
auditory, can occur in patients, primarily 
those with pre-existing renal damage, 
treated with GARAMYCIN Injectable, 
usually for longer periods or with higher 
doses than recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in 
mind when it is used in patients with 
pre-existing renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy 
of patients with known impairment of 
renal function. This testing is also 
recommended in patients with normal 
renal function at onset of therapy who 
develop evidence of nitrogen retention 

' (increasing BUN, NPN, creatinine or 
oliguria). Evidence of ototoxicity requires 
dosage adjustments or discontinuance 
of the drug. 

[n event of overdose or toxic reactions, 
peritoneal dialysis or hemodialysis will aid 
in removal of gentamicin from the blood. 

Serum concentrations should be 
monitored when feasible and prolonged 
concentrations above 12 mcg./ ml. 
should be avoided. 

Concurrent use of other neurotoxic 
and/or nephrotoxic drugs, particularly 
streptomycin, neomycin, kanamycin, 
cephaloridine, viomycin, polymyxin B, and 
polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin 
with potent diuretics should be avoided, 
since certain diuretics by themselves 
may cause ototoxicity. In addition, when 
administered intravenously, diuretics 
may cause a rise in gentamicin serum 
level and potentiate neurotoxicity. 
USAGE IN PREGNANCY Safety for use 
in pregnancy has not been established. 





INDICATIONS GARAMYCIN Injectable is 
indicated, with due regard for relative toxicity 
of antibiotics, in the treatment of serious 
infections caused by susceptible strains of the 
following microorganisms: 

Pseudomonas aeruginosa, Proleus species 
(indole-positive and indole-negative), 
Escherichia coli and Klebsiella-Enterobacter- 
Serratia species. 

Clinical studies have shown GARAMYCIN 
Injectable to be effective in septicemia and 
serious infections of the central nervous system 
(meningitis), urinary tract, respiratory tract, 
gastrointestinal tract, skin and soft tissue 
(including burns). 

Bacteriologic tests to determine the 
causative organisms and their susceptibility 
to gentamicin should be performed. 

Bacterial resistance to gentamicin develops 
slowly in stepwise fashion; there have been 
no one-step mutations to high resistance. 

in suspected or documented gram-negative 
sepsis, GARAMYCIN may be considered 
as initial therapy. The decision to continue 
therapy with this drug should be based on the 
results of susceptibility tests, the severity of 
the infection, and the important additional 
concepts contained in the Warning Box. 


Copyright ©1975, Schering Corporation. 
All Rights Reserved. 


For suspected sepsis when the infecting 
organism is unknown, gentamicin may be 
administered in conjunction with a penicillin- 
type drug. Following identification of the 
organism and its susceptibility, appropriate 
antibiotic therapy should then be continued. 
in the neonate with suspected sepsis or 
staphylococcal pneumonia, a penicillin-type 
drug is also usually indicated as concomitant 
therapy with gentamicin. 

GARAMYCIN injectable has been shown 


_to be effective in serious staphylococcal 


infections, It may be considered in those 
infections when penicillins or other Jess 
potentially toxic drugs are contraindicated and 
bacterial susceptibility testing and clinical 
judgment indicate its use. 
CONTRAINDICATIONS A history of hyper- 
sensitivity to gentamicin is a contraindication 
to its use. 

WARNINGS See Warning Box. 
PRECAUTIONS Neuromuscular blockade and 
respiratory paralysis have been reported in 
the cat receiving high doses (40 mg./kg.) of 
gentamicin. The possibility of these phenom- 
ena occurring in man should be considered 

if gentamicin is administered to patients 
receiving neuromuscular blocking agents, such 
as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in 
overgrowth of nonsusceptible organisms. If 
this occurs, appropriate therapy is indicated. 
ADVERSE REACTIONS 
Nephrotoxicity: Adverse renal effects, as 
demonstrated by rising BUN, NPN, serum 
creatinine and oliguria, have been reported. 
They occur more frequently in patients with 
a history of renal impairment treated with larger 
than recommended dosage. 

Neurotoxicity: Adverse effects on both 
vestibular and auditory branches of the eighth 
nerve have been reported in patients on 

high dosage and/or prolonged therapy. 
Symptoms include dizziness, vertigo, tinnitus, 
roaring in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, 
and convulsions have also been reported. l 
Note: The risk of toxic reactions is low in 
patients with normal renal function who do 
not receive GARAMYCIN Injectable at higher 
doses or for longer periods of time 
than recommended. 

Other reported adverse reactions, possibly 
related to gentamicin, include increased 
serum transaminase (SGOT, SGPT), increased 
serum bilirubin, transient hepatomegaly, 
decreased serum calcium; splenomegaly, 
anemia, increased and decreased reticulocyte 
counts, granulocytopenia, thrombocytopenia, 
purpura; fever, rash, itching, urticaria, 
generalized burning, joint pain, laryngeal 
edema; nausea, vomiting, headache, increased 
Salivation, lethargy and decreased appetite, 
weight loss, pulmonary fibrosis, hypotension 
and hypertension. 

DOSAGE AND ADMINISTRATION 
GARAMYCIN Injectable may be given 








- multiple-dose vials and in 1.5 ml. (60 mg.) and 


E injectable 
40 mig./mi. 


Each ml. contains 


gentamicin sulfate equivalent 
to 40 mg. gentamicin 


intramuscularly or intravenously. 
For Intramuscular Administration: 
Patients with normal renal function* 

Aduits: The recommended dosage for 
GARAMYCIN Injectable for patients with 
serious infections and normal rena! function 
is 3 mg./kg./day, administered in three 
equal doses every 8 hours. 

For patients weighing over 60 kg. (132 Ibs.), 
the usual dosage is 80 mg. (2 ml.) three 
times daily. For patients weighing 60 kg. 

(132 fb.) or less, the usua! dosage is 60 mg. 
(1.5 ml.) three times daily. 

In patients with life-threatening infections, 
dosages up to 5 mg./kg./day may be 
administered in three or four equal doses. This 
dosage should be reduced to 3 mg./kg./day 
as soon as clinically indicated. 

*[n children and infants, the newborn, and 
patients with impaired renal function, dosage 
must be adjusted in accordance with instruc- 
tions set torth in the Package Insert. 

For Intravenous Administration: 

The intravenous administration of 
GARAMYCIN Injectable is recommended in 
those circumstances when the intramuscular 7 
route is not feasible (e.g., patients in shock, 
with hematologic disorders, with severe burns, 
or with reduced muscle mass). 

For intravenous administration, in adults, à 
single dose of GARAMYCIN Injectable may 
be diluted in 100 or 200. ml. of sterile normal 
saline or in a sterile solution of dextrose 
5% in water; in infants and children, the 
volume of diluent should be less. The concen- 
tration of gentamicin in solution in both 
instances should normally not exceed 
1 mg./ml. (0.1%), The solution is infused over 
a period of 1 to 2 hours. 

The recommended dose for intravenous 
administration is identical to that recommended 
for intramuscular use. 

GARAMYCIN Injectable should not be 
physically premixed with other drugs, but 
should be administered separately in 
accordance with the recommended route of 
administration and dosage schedule. 

HOW SUPPLIED GARAMYCIN Injectable, 
40 mg. per ml., is supplied in 2 ml. (BO mg.) 


Ma n 


2 mi. (80 mg.) disposable syringes for paren- 
teral administration. 
Also available, GARAMYCIN Pediatric 

Injectable, 10 mg. per ml., supplied in 2 ml. 

(20 mg.) multiple-dose vials for parenteral 

administration. 

010 JULY 1974 
AHFS Category 8:12.28 


For more complete prescribing details, 
consult Package Insert or Physicians' Desk 
Reference. Schering literature is also 
available from your Schering Representative 
or Professional Services Department, 
Schering Corporation, Kenilworth, 

New Jersey 07033. 
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. - A advanced chest drainage units provide ~ 
exclusive advantages for every clinical nee 


suction, Water Seal and Collection Chambers are 
housed in a single disposable plastic unit. 1 inlet and 
1 outlet. Optimum speed and convenience, complete 
patient protection. 
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cn 300 - ADULT NON-METERED Code No. A-4000 
"d | Collection Chamber calibrated in 2 cc. increments 
| d 1200 | E | up to 260 cc., in 5 cc. increments up to 2700 cc. 
2000 A : | 
- | 00 250 
> | | ADULT-PEDIATRIC METERED Code No. A-4010 
| E 1000 200 | Same as #1 but also has measuring devices to indi- 
| - | | cate quantity of air leaking from the patient’s chest 
1800 226 A and quantity of air bubbling through the Suction 
" Chamber. 





COLLECTION WATER SEAL CHANGER 


CHAMBER 










PLUM CANITS PEELEUM SORE 
mert CLADE MM CM OF WATER Ares 


IMPOSES PLEURAL CETT PETXSINT ICME 


peer atape Me CaF OF WATER LAPTG.) 
- 






PA ty meal conte x Serene by By sored ext esci Thr 
lost, td diourtiy no oc SPOTS OBON 1497S PITA 16394. + Be 





pA 


teeme r 


INFANT NON-METERED Code No. A-4020 | | mma 
Collection Chamber capacity is only 225 cc., cali- | 
brated in 14 cc. increments for the 1st 10 cc. and in 


1 cc. increments up to 225 cc. 
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INFANT METERED Code No. A-4030 —== 


Same as #3 but also has measuring devices to indi- 
cate quantity of air leaking from the patient’s chest 
and quantity of air bubbling through the Suction 

Chamber. 


DISPOSABLE 


Pleurevac FLOOR STAND. — 


For a demonstration at your hospital, contact your local representative or write — 


KRALE LABORATORIES biknarer inc. 


QUEENS VILLAGE, NEW YORK 11429 


Pledged to Continuing Research in Chest Drainage 


U.S. Patents No. 3363626 & 3363627. Other U.S. Patents Pending. Corresponding Patents and Patents Pending in Foreign Countries. 















THORBJARNARSON: Surgery of the Biliary Tract 


Offering practical solutions rather than theoretical possibilities, this 
valuable monograph discusses the pathophysiology, diagnosis and 
surgical management of biliary tract diseases. Each surgical pro- 
cedure is fully described, then illustrated in exacting detail. In addi- 
tion to coverage of surgical complications, bile duct injuries, and 
tumors of the biliary tract, the book also includes current methods for 
gallstone dissolution. 


By Bjorn Thorbjarnarson, MD, Clinical Prof. of Surgery, The New York 
Hospital-Cornell Medical Center. About 210 pp. Illustd. About $13.40. Just 
Ready. Order #8858-6. 


BURROW & FERRIS: Medical Complications During 
Pregnancy 


This comprehensive reference alerts you to the special problems 
posed by medical conditions presenting during gestation. The au- 
thors point out possible complications of ordinarily routine treat- 
ments and suggest useful therapeutic alternatives. Coverage in- 
cludes diagnosis and treatment of viral diseases, management of the 
pregnant diabetic, new diagnostic procedures, and toxemia. 


By Gerard N. Burrow, MD, Assoc. Prof. of Medicine, Yale Univ. School of 

Medicine; and Thomas F. Ferris, MD, Prof. of Medicine and Director, Division 

of Renal Disease, Ohio State Univ. About 990 pp., 115 ill. Just Ready. 
Order #2186-4. 


VALVASSORI & BUCKINGHAM: Tomography and 
Cross Sections of the Ear 


This atlas will help you more easily correlate surgical and radio- 
graphic anatomy of the temporal bone and ear. Comparing over 500 
tomographs, tissue macrosections and microradiographs, the au- 
thors reveal the cross-sectional anatomy and complex patho- 
physiology of the ear and related structures. It's an ideal clinical 
reference for the otologist, surgeon or radiologist. 


By Galdino E. Valvassori, MD, Prof. of Radiology, Abraham Lincoln School of 
Medicine, Univ. of Illinois; and Richard A. Buckingham, MD, Clinical Prof. of 
Otolaryngology, Univ. of Illinois College of Medicine, Univ. of Illinois Hospi- 
tal, and Illinois Eye and Ear Infirmary. 200 pp. 510 ill. (98 in full color). $65.00. 
June 1975. Order #8953-1. 
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Six 
Stellar 
Summer 
Selections 


BARKER: Peripheral Arterial Disease 
Second Edition —Major Problems in Clinical Surgery, 4 


Incorporating the latest developments in the field, the new second 
edition focuses on practical solutions to common problems in the 
surgical management of peripheral arterial disease. Dr. Barker has 
expanded the text's coverage to include arterial trauma, the anatomy of 
entrapment syndromes, mesenteric vascular occlusions, surgical tech- 
niques for hemodialysis access and the surgery of aneurysms. 
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sion. It's not only a storehouse of data on today's chemotherapy, but 
a valuable indicator of future trends as well. 





By Martin J. Cline, MD, Bowyer Prof. of Medical Oncology, Chief, Division of 
Hematology-Oncology; and Charles M. Haskell, MD, Asst. Prof. of Medicine 
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Seventy-eight international authorities pool their expertise in this 
definitive reference. Basic science aspects of pathogenetic mech- 
anisms are exhaustively reviewed through electron microscopy, au- 
toradiography, axonal flow studies and other modes. Material on 
disease states is equally comprehensive, with clinical signs, differen- 
tial diagnosis and treatment fully covered. 

Edited by Peter James Dyck, MD, Mayo Clinic; P. K. Thomas, MD, Royal Free 


Hospital, London; and Edward H. Lambert, MD, Mayo Clinic. Two volumes: 
about 1500 pp., 585 figs. About $125.00. Just Ready. Order #3270/1. 








X W. B. SAUNDERS COMP, 


| To order tities on 30-day approval, enter order number and author: 


| 


check enclosed—Saunders pays postage send C.O.D. bill me 





West Washington Square, Philadelphia, Pa. 19105 
833 Oxford Street, Toronto, Ontario M8Z 5T9 Prices subject to change 


Please Print: 


NAME 
POSITION & AFFILIATION (IF APPLICABLE) 


ADDRESS 








M 





“Current abstracts are amplified and illuminated by comments of the mem- 
bers of the Editorial Board, based on their own clinical experiences as well as 
those of other recognized authorities" ... just one of the reasons why 
Lippincott's E 





REVIEW OF 


SURGERY 


helps Resident (special rate only $11.00) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 
surgery and the surgical specialties. 


A true saver of precious reading time—from its detailed Contents Pages to 
its meaty reviews, and abstracts especially classified for reader convenience— 
a typical issue includes: 





e Focus—several Reviews of timely or other 
special significance 


e An original Report of major importance 





e Twenty or more Abstracts with Commentary 
(and oft-times, rebuttal) 


e Residents Corner—comprising Brief (1 to 3-page) 
Reports and Investigations 


e in-depth Reviews of Current Books in Surgery 


TO PUT THE BIMONTHLY REVIEW OF SURGERY AT YOUR FINGERT PS NOW, 


SUBSCRIBE TODAY... 


| m e ee OSOS SE OE  Nisomn 


J. B. LIPPINCOTT COMPANY, East Washington Square, Philadelphia, Pa. 19105 AS 875 


Please enter my subscription to REVIEW OF SURGERY for 1 year (6 issues), at 
[1 $15 (U.S. and Canada); O $17 (all other countries); Resident Rate (1 $11 (U.S. only; 


also note “year” of residency and Specialty... s ). 
PLEASE PRINT [] Payment Enclosed. 
Name "nu CRUCEROS ee eae UNUM O Charge my account. 
Address NOR ee ee ee IRE My Specialty is: 











28A 





a z 
&* PADGETT MANUAL &* 


DERMATOME 





E 
—Á Laa 


ALUMINUM 
DRUM 


a 
Versatile 
* 
Guaranteed 
5 
Finest Quality 





IMPROVED TO SIMPLIFY SKIN GRAFTING! 


Accurate and uniform grafts up to 4 to 8 inches. Throw- 
away Blades, Dermatome Tape, and other accessories 
available for all models. Will take pattern grafts and 
will resplit grafts. Proven by thousands of Surgeons. 


Write Today For Complete Information! 


PADGETT DERMATOME DIVISION 


2838 WARWICK TWFY., KANSAS CITY, MO. 64108 


This 
Publication 
is Available in 


MICROFORM 


m ye. 
- — eee 





AE N 
PIT N 
/ =- 


Xerox University Microfilms 


300 North Zeeb Road, 
Ann Arbor, Michigan 48106 
(313) 761-4700 


PLEASE WRITE FOR 
COMPLETE INFORMATION 





Quick Reference To 


Surgical Emergencies 


Edited by Gerald W. Shaftan, M.D. 
and Bernard Gardner, M.D. 





This new manual, packed with clinical data in 
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and non-traumatic surgical emergencies the book 
systematically covers: Techniques of evaluating 
the patient and applying diagnostic criteria . . . 
Radiologic procedures that are necessary . 
Anesthesia considerations . . . Fluid and electro- 
lyte replacement. 


The patient evaluating techniques, diagnostic 
steps and surgical treatment are presented step- 
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Left-sided Gallbladder: 


Calculous Cholecystitis With Situs Inversus 


A 59-year-old woman with complete situs inversus, developed 
cholecystitis in a left-sided gallbladder. The diagnosis was made 
radiologically and a successful operation performed. A diseased 
gallbladder containing two calculi, together with the appendix, 
was removed. An operative cholangiogram revealed a normal, 
but transposed, biliary system. The literature on this subject is 
reviewed. 


LEFT-SIDED GALLBLADDER Is uncommon and may or 

may not be associated with transposition of the visc- 
era. The incidence of situs inversus, as quoted by Varano 
and Merkin is 1:5,000 to 1:10,000 and is slightly more 
common in men. There may be complete or incomplete 
transposition of the thoracic and abdominal viscera, 
singly or together, and between the extreme forms there 
are many variations. 

The majority of gallbladders on the left side described 
in the literature, were not diseased. Mayo and Kendrick’ 
reporting on the clinical records of the anomalies of the 
gallbladder, found only one case of acute cholecystitis in 
an organ situated on the left. Gross? reviewed 148 cases 
of congenital abnormalities of the gallbladder and found 7 
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on the left side, none of which were associated with situs 
inversus. 

The following case is described because of the rarity of 
the condition and the surgical implications which may 
arise, should such an organ become diseased. 


Case Report 


History. The patient was a 59-year-old Caucasian woman who had 
developed severe epigastric pain 6 months before admission to the 
hospital. The pain recurred on three further occasions and was referred 
around both costal margins equally. Vomiting occurred at the same 
time, but there was no history of jaundice. There were no relevant past 
illnesses except for rheumatic fever in childhood, from which she had 
completely recovered. 

Physical Examination showed a healthy woman with a regular pulse 
of 80; blood pressure 130/90 and normal heart sounds audible in the 
right side of the chest. There was no tenderness in the abdomen, the 
liver and spleen were not palpable and rectal examination was negative. 

X-Ray Examinations. A cholecystogram (Graham test) failed to out- 
line the gallbladder, but an intravenous cholangiogram revealed the 
presence of two calculi. A barium meal and follow through showed a 
complete transposition of the viscera, which were otherwise normal. A 
gall stone could be seen as an opacity in the left hypochondrium. 

Laboratory Investigations. Haemoglobin 13.5 g9t; white cell count 
7.400/mm? with a normal differential, ESR 2 mayi hr. The serum 
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Fic. I. Barium meal and follow through showing complete transposition 
of viscera and a gall stone in the left upper quadrant of the abdomen. 


electrolytes and urea were normal and the total proteins were 6.3 g/100 
ml. 

Operation. The abdomen was opened through a left paramedian 
incision and a diseased gall bladder, contain two calculi, was found 
in the left upper quadrant. The liver, stomach small and large intestine 
showed complete reversal of the normal posi on, with the caecum and 
appendix lying in the left iliac fossa. An operative cholangiogram. 
performed through the cystic duct, revealed a normal biliary tree to the 
right of the gall bladder. There were no stones present in the ducts and 
the dye passed rapidly into the duodenum. A cholecystectomy, together 
with an appendectomy, was performed without difficulty. 

Postoperative Course. The patient made a good and entirely unevent- 
ful recovery, returning home on the 23rd day, after a period of con- 
valescence. She continued to remain well when seen on subsequent 
followup visits. 

Histopathological Reports. The gall bladder measured 8 cm by 3 cm 
at its widest part. The wall was thickened and infiltrated with lympho- 
cytes and histiocytes, indicating chronic cholecystitis. The appendix 
was normal. 

There were two calculi measuring | and 3 cm respectively in length. 
Their analysis was as follows: Indigo-negative; bilirubin, bile pigments 
and cholesterol positive; there was no inorganic residue. 


Discussion 


The diagnosis of complete transposition of the viscera 
should not be difficult. The apical impulse and heart 
sounds can be detected on the right and the electro- 
cardiogram will show total inversion of lead I and trans- 
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position of leads II and III. The liver and spleen may be 
palpated or percussed and found to be in a reversed 
position. A chest x-ray and full radiological examination 
of the gastro-intestinal tract will indicate the extent of the 
condition. 

A cholecystogram and also an intravenous cholangio- 
gram are important investigations. A valuable observation 
was made by Etter,” who emphasised that a gall bladder 
on the left side may sometimes be missed when using 
conventional 10 by 12 inch films. He suggested that 14 by 
17 inch plates be used instead, in order that the whole of 
the abdomen be visualized. 

There would appear to be no reason why biliary dis- 
ease should be more common in patients with situs inver- 
sus than in the normal population. However, if the ab- 
dominal viscera alone are involved, it is possible that the 
correct position of the gall bladder may not be suspected 
and the laparotomy incision, therefore, be made on the 
wrong side of the body. 

There is evidence to suggest that the central nervous 
system does not share in the general transposition. This: 
would explain why the pain from appendicitis is quite 
often felt in the right iliac fossa; unlike that of the diseased 
left-sided gall bladder which is generally referred to the 
side of the organ? It must be remembered that em- 





Fic. 2. Dextro-cardia demonstrated on chest film. 
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FiG. 3. Operative cholangiogram. Normal apart from reversal of the 
biliary system. 





bryologically the gall bladder is a midline structure. The 
pain experienced by our patient commenced in the 
epigastrium and then moved equally around both costal 
margins. 

Cockayne! has stated that complete transposition is 
inherited as a recessive characteristic, which is deter- 
mined by a single autosomal gene. In the case reported 
here none of the patient's relations, including her 5 chil- 
dren, showed evidence of this condition. However, in 
order to avoid possible surgical mishaps, all relatives of 
patients who are known to have situs inversus, should 
have a full examination, including a chest x-ray, 
cholecystogram and barium studies. 
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A Small Arterial Substitute: 


Expanded Microporous Polytetrafluoroethylene: 


Patency Versus Porosity 


CHARLES D. CAMPBELL, M.D., DAVID GOLDFARB, M.D., RODNEY ROE, M.D. 


Eighty-nine grafts of expanded microporous polytetra- 
fluoroethylene (PTFE) with a diameter of 4 mm, were placed in 
the carotid and femoral arteries of dogs. The animais were sac- 
rificed at varying intervals beginning three days after operation. 
Four animals remain alive with patent grafts 10 months post- 
operatively. Twenty-four of 89 grafts were occluded, an overall 
patency of 73%. Fibril length (pore size) of the graft material was 
varied from 4 to 110 microns. Average pore size ranged from 9 to 
65 microns. Wall thickness varied from 0.3 to 0.75 mm. Density 
ranged from 0.24 to 0.35 g/ml. Tissue ingrowth, neointimization 
and patency rate as compared to pore size, wall-thickness and 
density of expanded PTFE were observed. Pore size is the pri- 
mary determinant of tissue ingrowth, neointimization and patency. 
Of 51 grafts with an average pore size of 22 microns or less, there 
were 6 occlusions, an 88% patency rate. There were 38 grafts with 
an average pore size of 34 microns or greater. In these 38 grafts, 
18 occlusions were observed, a 53% patency rate. Patent grafts 
demonstrated tissue ingrowth, capillary formation and a thin 
neointima. Using small pore grafts, patency rates of 90% can be 
anticipated in the dog. Expanded microporous PTFE with its ease 
of handling, strength and pliability may be the vascular prosthesis 
of choice in man. 


HE HISTORY of arterial replacement dates back to 1894 
when Gluck placed a vein graft in the carotid artery of 
a patient. In the early 1950's Voorhees renewed interest 
in synthetic materials when he discovered that nylon 
could be used as an arterial substitute” Presently, re- 
placement of large vessels with synthetic materials is 
common, despite their limitations, but no satisfactory 
small artery prosthesis exists. 
In 1963 Wesolowski described a compound vascular 
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prosthesis composed of both absorbable and non- 
absorbable material.” Microknit, a knitted graft of fine 
yarn with a high ratio of interstice size to yarn diameter, 
was recently developed as a vascular prosthesis.?* Both 
concepts attempted to achieve high healing porosity al- 
lowing improvement in the development of a neointima 
and increased patency rate for small grafts. Both designs 
were attempted in Dacron and yielded minimal success 
as small vessel substitutes. Sharp’? and others? have 
worked to promote growth of a viable neointima, report- 
ing that the greater the porosity of the prosthesis, the 
better the chance for development of a viable neointima. 
These investigators have also noted that the neointima 
must remain thin if patency of small vessel replacements 
is to be maintained. Although formation of a viable neoin- 
tima has been achieved in animals, growth of the neoin- 
tima in man has not been complete.’ 

In 1973 Matsumoto reported excellent patency rates 
using expanded microporous polytetrafluoroethylene 
(PT FE)* as an arterial substitute in dogs." This material 
was first used as chemical tubing and was adapted for use 
as an arterial substitute. These results have not been 
duplicated until recently when Volder? and CampbelP 
reported excellent patency rates using the same material 
in sheep and dogs. This report summarizes one year's 
experience in which good to excellent patency rates have 
been achieved in a variety of experimental efforts. Tissue 
ingrowth, capillary formation, attainment of a viable, thin 
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neointima and patency rate in dogs as compared to fibril 
length (pore size), wall-thickness and density of the 
material are the subject of this report. 


Materials and Methods 


All grafts were made of expanded microporous PTFE 
and were uniformly porous throughout their length. Elec- 
tronmicrographs (Fig. 1) show the material to be com- 
posed entirely of Teflon with nodes interconnected by a 
multiplicity of thin fibrils. The fibrils are thin and flexible 
and are easily pushed aside by growing fibroblasts, allow- 
ing tissue ingrowth into the graft. For the purposes of this 
discussion, fibril length is synonymous with pore size. 
Fibril length determinations were originally made using 
water entry pressure or the ethanol bubble technique. 
Neither measurement technique was reliable, and values 
were much lower than the actual fibril length, possibly 
because of the hydrophobicity and negative charge of the 
material. Therefore, photomicrographs were taken of 
each graft. The longest and the shortest fibril lengths 
were determined, and the fibril length is reported as an 
average of these two measurements. Pore sizes ranged 
from 4 to 110u. Average pore size ranged from 9 to 65u. 
Wall thickness varied from 0.3 to 0.75 mm. All grafts 
were 4 mm in internal diameter. Density ranged from 0.24 
to 0.35 g/ml. 

Adult greyhounds and mongrel dogs weighing between 
25 and 35 kg were used. Animals were anesthetized with 
intravenous sodium pentobarbital, 27 mg/kg of body 
weight. The animals were intubated but rarely was 
mechanical-assisted ventilation required. Five hundred 
milliliters of 5% dextrose Ringer’s lactate solution was 
administered intravenously during the operative period. 
One gram of cephalothin was given intravenously at the 
beginning and at the termination of the operation. No 
postoperative antibiotics were given and no heparin was 
administered. 

The animals were shaved over the bilateral femoral and 
anterior cervical regions and prepped with povidone- 
iodine. The femoral arteries were exposed and occluded 
between vascular clamps. A segment of artery 3 to 4 cm 
in length was excised. The grafts, randomly selected, 
were soaked in 4% cephalothin and normal saline solu- 
tion and anastomosed to the femoral arteries. The pos- 
terior portion of the anastomosis was performed using the 
Blalock continuous everting mattress technique. The an- 
terior portion was completed with a simple running su- 
ture. All anastomoses were performed using No. 6-0 
polypropylene suture material. A midline neck incision 
was then performed and both carotid arteries were ex- 
posed. Grafts were placed in the right and left carotid 
arteries using the identical technique. All incisions were 
closed in anatomic layers, and the skin was closed with 
interrupted mattress sutures of polyglycolic acid. No 
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Fic. 1. Scanning electronmicrograph of expanded PTFE demonstrating 
nodes interconnected by thin fibrils (X 2275). 


wound dehiscences occurred. No animals have been 
excluded from this series for technical or other reasons. 
Postoperative followups ranged from 3 days to greater 
than 10 months with some animals still being followed. 
The animals were sacrificed at frequent intervals. Grafts 
were examined and histologic evaluation focused on tis- 
sue ingrowth, capillary formation and neointimization as 
compared to pore size, wall thickness and density. 


Results 


A total of 89 grafts of expanded microporous PTFE 
were inserted in greyhounds and mongrel animals in the 
carotid and femoral arterial positions (Table 1). The ani- 
mals were sequentially sacrificed at varying intervals be- 
ginning three days after operation. The grafts in 4 surviv- 
ing animals remain patent 10 months after operation. 
Twenty-four of 89 grafts were occluded, an overall pa- 
tency of 73%. 

In comparing patency to fibril length, the series could 
be divided into two groups (Table 2). Grafts in Group | 
animals had an average pore size of 22u or less. Fifty-one 
grafts were placed in Group I animals, and 6 have 
occluded yielding an 8896 patency rate. In Group II there 
were 38 grafts with an average pore size of 34u or 
greater. There were 18 occlusions in this group, a 53% 
patency rate. The differences are statistically significant 
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TABLE l. Results: 89 Expanded Microporous PTFE Small Artery Substitutes, 4 mm Internal Diameter s 
Peen o A a ce Pec ERR 
Wall 
Graft u Fibril Length (Pore Size) Thickness Density Per cent 

Series # Range (micron) Average (mm) (gm/ml) Patency 
649-1 li 10-80 45 .50 .29 64 
649-2 19 4-64 34 .50 .24 37 
650-1 4 20-100 60 AS .32 75 
656-1 8 5-15 10 .30 .26 100 
650-2 4 20-110 65 .75 sat 75 
657-8 12 8-30 19 50 .34 66 
730-10 4 12-32 22 50 28 100 
682-2 8 6-16 11 75 33 100 
658-5 8 8-10 9 75 35 75 
664-3 10 10-32 21 50 .29 100 
658-3 | 5-20 12 50 33 100 
Total 89 73 
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at the 99% confidence level. The relationship is shown 
graphically in Fig. 2. 

Of the 89 grafts placed, 24 had a wall thickness of 0.75 
mm. Four grafts occluded giving an 8396 patency rate. 
Fifty-seven grafts had a wall thickness of 0.5 mm. 
Twenty of these occluded yielding a 6596 patency rate. 
Fight grafts had a 0.3 mm wall thickness. No occlusions 
were noted. 

Relating patency to density of this material, there were 
52 grafts ranging from 0.24 g/ml to 0.29 g/ml density. 
Sixteen of these occluded yielding a 69% patency rate. 
There were 37 grafts with densities between 0.29 and 0.35 
g/ml. Eight were occluded yielding a 78% patency rate. In 
most instances, the smaller the pore size, the higher the 
density. 

Grossly, the grafts demonstrated a thin neointima in- 
creasing in thickness with increasing porosity (Fig. 3). 
Minimal tissue reaction to the graft material was noted at 
the time of harvest. Histologically, the rate and extent of 
tissue ingrowth and neointima development appeared to 
be related primarily to pore size of the graft material. The 
larger the pore size, the greater the tissue ingrowth and 


TABLE 2. 89 Expanded Microporous PTFE Small Artery Substitutes: Patency vs. Fibril Length 








Fibril Length (Pore Size) _ 


the thicker the neointimal development. The smaller pore 
grafts appeared to diminish tissue ingrowth and produce 
a more compatible blood tissue interface leading to 
higher patency rates and thinner neointima development 
(Fig. 4). In every case, the neointima appeared to en- 
compass the suture line and the entire length of the graft 
material. Capillary formation occurred in the wall of the 
graft at 4 to 5 weeks (Fig. 5). The larger pore grafts 
developed a thick neointima which in some instances 
progressively thickened and thrombosed at 1 to 2 
months. Wall thickness appeared to have little influence 
on the amount and extent of tissue ingrowth. More im- 
portantly, tissue ingrowth is greatly influenced by the 
pore size of the graft material. Although several large 
pore grafts were used in this experiment, no extravasa- 
tion of blood was noted through the graft material in the 
unheparinized animal. 


Discussion 


Since 1894 surgeons have attempted to replace arterial 
segments with substitute materials. In 1912 Carrell re- 
ported the first use of a prosthesis in an effort to bridge 





Patency 


Graft Series Range (micron) Ave. No. Ge 
eg UUU 
658-5 8-10 9 6/8 75 
656-1 5-15 10 8/8 100 
682-2 6-16 li 8/8 100 
Group I 658-3 5-20 12 i] 100 
657-8 8-30 19 8/12 67 
664-3 10-32 21 10/10 100 
730-1 12-32 22 j4 100 
Total 45/51 88 
M ——— MM r LLL 
649-2 4-64 34 7/19 37 
649. | 10-80 45 TA 64 
Group II 650-1 20-100 60 3/4 75 
650-2 20-110 65 3/4 78 
Total 20/38 53 
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Fic. 2. Graphical representation of patency vs. average fibril length 
(pore size) demonstrating increasing patency with decreasing fibril 
length. 


arterial defects? This met with failure. Hufnagel in 1947 
was successful, however, in permanently intubating the 
arterial tree with a rigid solid-wall tube.'® Finally in 1951 
after Voorhees discovered that silk suture became en- 
dothelialized when hanging freely in the heart, various 
materials were used as arterial prostheses.** These in- 
cluded Nylon, Dacron, Orlon, Teflon and Ivalon 
sponge.’ Currently, Dacron, either knitted or woven, is 
the most satisfactory fabric for large vessel arterial re- 
placement, but its limitations indicate that there is still 
need for improvement in fabric prostheses. 

Historically there have been three basic approaches to 
the creation of small arterial substitutes. To date, the 
most satisfactory materials have been autogenous, 
homologous or heterologous tissues.*??* The autogen- 





FiG. 3. Gross specimen of 
expanded PTFE removed 
four months after implanta- 
tion demonstrating a thin, 
attached neointima. 
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Fibrous ingrowth 


Fic. 4. Photomicrograph (X 170) of expanded PFTE removed nine 
months after arterial substitution demonstrating complete fibroblastic 
ingrowth throughout the graft wall and a thin, adherent neointima. 


ous vein when placed in the carotid and femoral arterial 
position has yielded a 62.5% to greater than 90% patency 
rate in the dog.!?19?5 The bovine heterograft has yielded 
096 patency when placed in the femoral artery of the 
dog.* In the interest of developing an off-the-shelf substi- 
tute, protheses with an antithrombogenic surface creat- 
ing an artificial intima have been developed for small 
vessel replacement .?!*!? These materials have been un- 
successful as small vessel substitutes. Also, a porous 
prosthetic graft allowing ingrowth and support of a viable 
neointima has been created for use in the heparinized 
patient. 

Wesolowski has popularized the concept of porous 
grafts and has established specifications for the ideal 
synthetic vascular graft.? He also proposed the gossamer 
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fibrous ingrowth 


FiG. 5. Photomicrograph (X 350) of expanded PTFE removed nine 
months after implantation demonstrating the graft wall with fibrous 
ingrowth. Capillary formation is observed frequently beginning 4 to 5 
weeks after implantation. Nucleated capillary endothelial cell is noted. 


concept for arterial prosthetic fabrication.?9* This method 
used a very fine yarn in the fabrication of the Dacron 
graft material, termed Microknit, increasing the ratio of 
interstice size to yarn diameter yielding more porosity for 
the same area of graft material. Results using Microknit in 
28 canine carotid and femoral arteries yielded an 8396 
patency rate in 48 hours which fell to 36% in 72 hours. In 
another study Jacobsen reported Dacron grafts with an 
internal diameter of 4 mm have a zero to 596 patency rate 
in the dog." More recently Sauvage incorporated an ex- 
ternal velour surface to Dacron grafts attempting to 
achieve more fibroblastic reaction and better tissue in- 
growth into the graft material." Good patency rates were 
noted in the thoracic aorta of the dog. Berger has de- 
scribed the incompleteness associated with healing of 
Dacron prostheses in man in periods lasting up to several 
years.' There was no complete tissue ingrowth, incorpo- 
ration or healing on the inside of the graft except within 
10 mm of the suture line. The initial and long-term lumi- 
nal lining was primarily a fibrinous tube with or without 
blood cell components. In the 1960's Sharp described 
rubber latex tubing, bioelectric polyurethane and Elec- 
trolour as vascular prostheses.?' ?* These met with lim- 
ited success. 

In 1972 Soyer reported 33% patency in the inferior 
venae cavae and 100% patency in the suprarenal and 
thoracic inferior venae cavae using expanded PTFE as a 
venous prosthesis in the pig.” Grafts ranged from 6 to 9 
mm in internal diameter and were 3 to 6 cm in length. 
Pore size was reported at 0.5 to 2.5 u. In 1973 Volder 
experimented with expanded PTFE as an arteriovenous 
shunt in sheep.*' The grafts, internal diameter 5.6 mm, 
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remained patent up to 6 months and were noted to have 
very smooth neointimas. Higher patency rates were re- 
ported with larger pore grafts. Recently Matsumoto re- 
ported the use of this material as an arterial substitute in 
dogs.'? The grafts were 3 to 4 cm in length with an inside 
diameter of 3 mm. A 100% patency rate was noted with a 
4.5-to-11-month followup. The grafts on histologic 
examination demonstrated neointimization and excellent 
ingrowth. Efforts to duplicate these astonishing results in 
this country have led to many failures and a few suc- 
cesses. ^?» 

In evaluating expanded PTFE as an arterial substitute, 
ihe dog was selected because it has proved to be the most 
rigid testing species for vascular prostheses. Grafts were 
placed in the carotid? and femoral arteries. This seemed 
more physiologic and reliable than the atrial sword or 
caval ring test.^!! It has been demonstrated that mul- 
tipotential cells from the blood stream are capable of 
forming an endothelium?? and, if thin enough (500 u), the 
endothelium may remain viable?? However, a neointima 
vascularized by capillary growth through the graft wall 
would be more desirable. In early experimentation we 
used large pore grafts of 100 to 300 u. Frequently these 
grafts occluded within 24 hours. It soon became apparent 
that the smaller pore grafts remained patent and also 
allowed suitable tissue ingrowth and neointimization. 

In addition to pore size, another variable was wall 
thickness of the graft material. In our series wall thick- 
ness was varied from 0.75 to 0.3 mm. All were conforma- 
ble and sutured nicely, and the thinner the wall, the 
easier the graft was to handle. Wall thickness appeared to 
play a minimal role in determining ultimate patency of the 
graft material as ingrowth occurred quickly in both the 
0.75 mm and the 0.3 mm wall thickness grafts. Density 
was also varied from 0.24 to 0.35 g/ml. There were better 
patency rates with the more dense material, but in most 
cases, the denser the material, the smaller the pore size. 


In observing and relating pore size to patency, it can 
be seen that as the porosity of the material becomes 
greater than 22 u (average), the patency rate falls pre- 
cipitously. That is, the higher porosity developed early 
thrombosis. This has been noted in some of our earlier 
studies (Fig. 6). The reasons for these results are un- 
known. It can be postulated that with the large pore graft, 
the blood in the arterial system extravasates into the 
interstices of the graft becoming static and initiating the 
coagulation mechanism. This results in blood flowing 
over coagulum, producing a poor interface at the luminal 
level leading to early thrombosis and occlusion. 


Expanded PTFE appears to have the characteristics of 
an ideal prosthesis. It is inert, maintains its strength over 
long periods of time and has a high implantation and 
healing porosity, thus encouraging tissue ingrowth. The 
material is extremely easy to handle, pliable, conforma- 
ble and sutures very nicely. 

Many suture materials and techniques have been used 








Vol. 182 * No. 2 


* 8 Expanded PTFE Substitutes 
Patency vs. Fibril length(pore size) in the femoral 


and carotid arterial position in dogs 


7e PATENCY 


50 





FIBRIL LENGTH (pore size) AVG. 


Fic. 6. Earlier experiments with 118 grafts in the carotid and femoral 
arterial positions. The comparison between patency and average fibril 
length (pore size) is noted. The small pore grafts demonstrated good 
patency rates, but as pore size increased, patency decreased markedly. 


for small vessel surgery." We elected to use No. 6-0 
polypropylene because of its inert qualities. Matsumoto 
noted no difference when Tevdek was compared with silk 
in his series of arterial replacements.?? 

Using PTFE, good results have been achieved with 4 
mm grafts in the dog. There has been tissue ingrowth, 
capillary formation and a viable neointima. In relating 
this to man, one can only surmise that patency would be 
more easily achieved, possibly permitting use of a more 
porous graft while still maintaining excellent patency 
rates. 
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Infection is a major complication of military chest injuries. In a 
series of 142 wounded, infectious complications occurred in 7 
(4.9%). Factors influencing the incidence of infection are 
evaluated. In this group of injuries, 81 patients were admitted 
soon after wounding. The intrathoracic damage was severe, due 
to penetration of metallic fragments. The hemothorax was treated 
by immediate intercostal drainage. Immediate thoracotomy was 
performed in 10 patients and late thoracotomy in 15. One patient 
developed a lung abscess and 5 patients had infection following 
thoracotomy (7.4%). Another 61 wounded patients had been first 
managed in a forward hospital, including three with thoracotomy 
for massive bleeding. Two, not in a forward hospital, had a bullet 
removed from the lung. Upon admission to this hospital, intercos- 
tal drains were inserted when needed and four patients under- 
went thoracotomy. Larger wounds were debrided in 24 patients. 
Late thoracotomy was performed in seven. Chronic empyema 
developed in one patient after pneumonectomy performed at the 
field hospital, resulting in a resuscitation or infection rate of less 
than 2%. Factors contributing to a low infection rate were: early 
drainage of hemothoraces and wide debridement of larger 
wounds with delayed closure and avoidance of thoracotomy as 
primary treatment. Resection of lung tissue was avoided. 
Thoraco-abdominal injuries were treated separately. The clotted 
hemothorax was immediately evacuated. Prolonged antibiotic 
therapy was usually indicated. 


ONSIDERABLE PROGRESS has been made in the last 
decades in the management of war wounds of the 
chest. As stated by DeBakey, reductions in morbidity 
and mortality of chest wounds have been noted in each 
war.? The early treatment of the wounded, begun close to 
the geographical site of injury, rapid evacuation to a large 
base hospital where specialists of all surgical disciplines 
and necessary facilities are available have all been impor- 
tant factors in the improvements of the results.!?:!5 
Infection of the contaminated chest remains a severe 
complication of the penetrating injury and prevention of 
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infection is the surgeon's main concern. It was frequent - 


in the past, and chronic, prolonged thoracic infections 
and fistulae plagued many wounded.’ In a series includ- 
ing 69 wounds of the chest from the year 1945, infectious 
complications occurred in 56.596 of the cases.* In another 
series from the war of Indochina, a 4696 rate of septic 
complications was noted.* Better results were later ob- 
tained in the Algerian, Korean and Vietnam war the- 
aters 221-22 

In the present study, two groups of patients with war 
wounds of the chest are analyzed, the emphasis being on 
the factors in management which had an influence on the 
rate of infection. Early and previous experience with the 
management of war chest injuries has been reported 
elsewhere.!*!* 


Materials 
The Six-Day War (June 1967) and later. 

The first group of patients includes 81 with wounds of 
the chest incurred during the Six-Day War in June 1967 
and during regional military activities in the subsequent 
five years. These wounded were evacuated as soon as 
feasible after wounding and transported rapidly to this 
hospital. The great majority of these were admitted 
shortly after wounding. Resuscitative measures were un- 
dertaken on admission, if not already started during 
transport. 

The injury had been caused in a few cases by bullets 
but more frequently by splinters and shrapnel. There 
were 6 patients with stab wounds. Fifty-one patients had 
suffered two or more injuries, including abdominal pene- 
tration in 16 patients. The chest injury was naturally given 
priority and the patient was later transferred to the care 
of the particular surgeon involved, general, orthopedic, 
plastic, etc. 
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TaeLE 1. Surgical Management of the Chest Injury in 81 Wounded 





Procedure Nos Patients 
Wound Debridement 10 
Áspiration of the Hemothorax 4 
Intercostal Drainage Only 32 
Drainage and Thoracotomy 13 
immediate Thoracotomy 10 
Tracheostomy 6 
Delayed Primary Suture 10 





The entrance wounds into the chest were often of small 
diameter but the intrathoracic damage was generally se- 
vere and extensive with massive hemothoraces and 
widely spread lung hematomata. In only four patients the 
hemothorax was small and was managed by a pleural tap. 
Sixty-seven patients were treated by immediate insertion 
of an intercostal drain connected to a water-seal system 
using mild negative suction. This effected prompt re- 
expansion of the lung and contributed to the restoration 
of the well-being of the patient. 

Three to 5 millions Units of cristalline Penicillin were 
added to each 500 ml bottle of I. V. administered fluids. 
Streptomycin lg/day was also administered. 

Wounds larger than 2 to 3 cm were debrided soon after 
admission and left open as a rule. Delayed suture of the 
wounds was done 4 to 5 days later. In one instance, the 
wound had to be reopened because of infection. It was 
closed a few days later. 

Progress was checked by frequent chest roentgeno- 
grams. Breathing exercises were started early. Anti- 
biotics, Penbritin and Orbenin, 3 to 4 g/day each, were 


TABLE 2. Indications for Thoracotomy in 25 Wounded 
of the Chest and Outcome. 


Nos Patients Recovered Died 


Immediate 
Exsanguination 
Resuscitation | | 
Extensive Chest 
Wall Defect 4 3 | 
Thoracoabdominal 
Injury 4 3 i 
Removal of 
Foreign Body | 
Cardiac 
Tamponade l | 
Early 
Continuous 
Bleeding 4 4 
Delayed 
Foreign Body 
Removal I l 
Cardiac 
Tamponade 2 | | 
Clotted 
Hemothorax 7 6 | 
Total 25 20 5 
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given by mouth following the Penicillin and Streptomvcin 
injections administered in the first days. The chest tubes 
were usually removed 2 to 5 days after insertion. 

Fifty-Six patients thus treated recovered quickly from 
their chest injury and were soon discharged to convales- 
cence if no other injury was present and their condition 
allowed (Table 1). Additional measures taken were 
tracheostomy (6 patients) and formal thoracotomy (15 
patients) (Table 1). Immediate thoracotomy was also per- 
formed in 10 additional patients. It was performed soon 
after wounding in a patient dying grom exsanguination. 
Thoracotomy was also performed upon admission be- 
cause of profuse bleeding from wide extensive chest wall 
defects, combined thoracoabdominal injury with rupture 
of the diaphragm, removal of a large shrapnel from the 
chest and cardiac tamponade after chest drainage (Table 
2). 

Thoracotomy became necessary because of continu- 
ous bleeding through the chest tubes in four patients. It 
was also performed at a later stage, during hospitalization 
for removal of a foreign body in the lung. cardiac tam- 
ponade or mainly, for evacuation of a clotted 
hemothorax. Surgical intervention was decided upon 
without further delay in these patients when fever ap- 
peared. 

At operation, hemostasis, removal of clots, suture of a 
lung laceration, closure of a wide chest wall defect or 
lung decortication, were done as indicated. The lung 
hematoma which was present in all patients was left 
undisturbed. In one patient the apical segment of the left 
lower lobe, which was totally destroyed by the penetra- 
tion of a large shrapnel lodged in the diaphragm. was 
removed. This was the only resection of lung tissue per- 
formed in a patient in this group. Recovery was compli- 
cated by a localized empyema and wound infection, 
which subsided slowly after several months of treatment 
(Table 3). 


Results 


Fever was present in all patients for several days after 
wounding. It subsided slowly and gradually under an- 
tibiotic therapy. Fever reappeared a few days after dis- 
charge in one patient who had left the hospital one week 
after wounding. He had been treated for a left massive 
hemothorax and lung hematoma. The hemothorax had 
been managed by intercostal drainage and antibiotics 
were administered until his discharge. When seen again, 
a lung abscess had developed in the left lower lobe which 
was the site of the hematoma. The abscess responded 
well to prolonged antibiotic therapy. 

There were no other infectious complications among 
those patients managed "'conservatively'' by intercostal 
drainage and prolonged antibiotic therapy. 

Infectious complications occurred in 5 patients follow- 
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TABLE 3. Infectious Complications in the First Group of 81 Wounded, . 
Surgical Procedure Emploved, and Outcome. 
| Infected Infected Wound Infected Wound 
Procedure Lung Hematoma Only and Empyema Total Recovered Died 
Aspiration 0 0 0 0 0 
Only 
(4 patients) 
Intercostal | 0 0 l | Q 
Drainage 
Only (59 patients) 
Thoracotomy 0 à 3 3 4 | 
(25 patients) 
2 3 6 5 Í 


Total | 


ing thoracotomy (20%). All had infection of the 
thoracotomy incision and empyema occurred in three of 
them (Table 3). Four patients recovered and one died 
from a severe brain injury without regaining conscious- 
ness. Thus, a total of 6 cases were recorded as having 
infection in the whole group (7.40%). Another patient had 
a subdiaphragmatic abscess which developed following 
resection of a lacerated colonic flexure after a thoraco- 
abdominal injury. There was no chest infection. The sub- 
diaphragmatic infection subsided following drainage. 

Tracheostomy was performed much less liberally than 
in previous years. This no doubt reduced to a minimum 
the infection of the upper airways. 

Ten patients died from either bleeding, pulmonary em- 
bolism, brain injury or respiratory failure (Table 4). 


The October 1973 War 


The second group of patients includes 61 with chest 
wounds incurred during the Yom Kippour War in Oc- 
tober 1973. These were evacuated to this Institution from 
a forward hospital installation in which the necessary 
resuscitative measures had already been done. Many pa- 
tients already had a drainage tube inserted into their 
chest and their condition was in general good on admis- 
sion. Diagnostic procedures such as chest x-rays exami- 
nations were immediately started and intravenous fluid 
administration continued. Cristalline Penicillin and strep- 
tomycin were also given. 

All injuries, except for one case of blunt trauma, had 
resulted from the penetration of bullets into the chest in a 


TABLE 4. Mortality in the First Group of 81 Wounded. 


Cause of Death Nos Patients 





Bleeding 6 
Pulmonary Embolism 2 
Brain Injury i 
Respiratory Insufficiency l 


Total 10 


few cases or shell fragments in most of them. Scattered 
soft tissue wounds were common. 

Eighteen patients had a chest injury only while 45 
patients had multiple injuries, such as abdominal penetra- 
tion in 25 cases. In two cases, the splinter had not pene- 
trated the chest cavity. In many patients, the entrance 
wound was very small but the intrathoracic damage was 
severe. All patients had at least one or two rib fractures. 
Massive hemothorax was present in 57 patients being 
bilateral in three of them. Thirteen patients had hemo- 
pneumothorax. All patients had lung hematomas of various 
sizes, but nine of them had massive hematomas. 

Drainage tubes were repositioned in a few cases and 
chest drains inserted in 10 cases during the course of 
hospitalization. 

Thirty-eight patients treated conservatively by tube 
drainage recovered with no infectious complication. 

Thirty patients had larger wounds, 6 of them other than 
in the chest. These wounds were debrided and explored 
under general anesthesia. In nine patients, the explora- 
tion revealed a wide defect in the rib cage. Clots and 
bony fragments and foreign bodies were removed from 
the pleura or the lung. The lung hematoma was left undis- 
turbed. Deep lacerations in the lung were approximated if 
feasible. The pleural cavity was thoroughly irrigated and 
a drain inserted. The defect in the chest wall was closed 
by approximation and the soft tissue wound as a rule was 
left open. It was closed 3 to 5 days later in 19 patients 
(Table 5). 

Thoracotomy was performed early following admis- 
sion for removal of a large jagged splinter lying over the 
ascending aorta in one patient, or in the lung in another. 
In two patients, thoracotomy was done because of con- 
tinuous bleeding through the chest tubes. The bleeding 
had originated from a chest wall injury in both patients. 

Another 5 patients in this series had undergone 
thoracotomy elsewhere, three at the field hospital for 
massive bleeding and two had a bullet removed from the 
lung in another base hospital (Table 6). 

Late thoracotomy was performed in 7 patients during 
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. Taste 5. Surgical Procedures in 63 Wounded, 
(Chest Injury in 61 Wounded). 
Procedure Nos Patients 
Wound Debridement 1S 
Debridement-Exploration a 
intercostal Drainage Only 38** 
Thoracotomy 16 
Repeated Aspirations 
Following Drainage 10 
Delayed Primary Suture 19 





*6 of these patients had wounds other than in the chest. 
**In 10 of these patients, diagnosis and drainage of the hemothorax 
was done in this hospital, in 28 patients, at field hospital. 


their hospital stay, because of a clotted hemothorax and 
non expanding lung in 4 patients and to remove a splinter 
from the lung in another. Exploratory thoracotomy was 
performed in two additional patients not included in this 
series, suspected of developing cardiac tamponade or 
septic pericarditis. The exploration was negative in both 


. patients (Table 6). 


Respiratory support was needed for short periods of 
time in four patients following the debridement- 
exploration procedure. They were transferred to the In- 
tensive Respiratory Care Unit. All four recovered com- 
pletely. 

Progress was checked by frequent roentgenograms of 
the chest and blood gas determinations. Physiotherapy 
was used intensively. Penbritin and Orbenin, 4 g/day 
orally were given for about two weeks following the 
penicillin and streptomycin injections. 

Pleural taps weré performed in 10 patients for residual 
fluid in the chest and chest drains were inserted in 10 
other patients during their hospitalization, (hemothorax 
in seven patients and pneumothorax in three patients) 
(Table 5). 


Results 


Fever was noted in all patients. It subsided slowly and 
gradually in a few days. There was not a single instance 
of wound infection. One patient developed throm- 


TABLE 6. Indications for Thoracotomy in 16 Wounded 





Nos Patients 





Immediate 
Splinter removal 2 
Bleeding and Chest Wall Defect 2 
Bleeding 3* 
Bullet removal 2 

Delayed and Late 
Suspected tamponade 
Suspected Pericarditis 
Clotted Hemothorax 
Splinter removal 


—  — en 





*Thoracotomy performed at field hospital or at another base hospital. 


WAR CHEST INJURIES 





147 


bophlebitis in his left leg. All lung hematomata cleared 
without infection. Empyema developed in one patient 
who had undergone a right pneumonectomy at the field 
hospital during resuscitation measures for cardiac arrest 
and exsanguination. Chronic empyema and broncho- 
pleural fistula were still present one year after injury. The 
infection rate in this group of patients is thus less than 2%. 

The only death recorded in this series is not really 
related to a chest trauma. It occurred in the patient who 
had sepsis following an abdominal penetrating wound 
and who underwent exploratory thoracotomy as septic 
pericarditis was suspected. 

Infectious complications after thoracic wounding were 
thus noted in 7 wounded in both groups of patients, (a 
total of 142 cases) giving an overall infection rate of 4.967. 


Comment 


Bourdet and associates, in an analysis of a consecutive 
series of 785 cases of war chest injuries, concluded in a 
recent paper that infection was the most frequent compli- 
cation recorded.* It was also the most frequent complica- 
tion noted in Beall and associates’ series of 694 cases of 
penetrating chest injuries in civilians.’ 

The 25-30% incidence of empyemata noted in World 
War P? and early years of World War IU? with its sub- 
sequent mortality of 30-50% was reduced to 10% at the 
end of the war.’ with a mortality of 20%. It rose again to 
26% in the early part of the Korean conflict. ^^! It was 
significantly less in Patterson and associates’ series’? and 
Virgilio's experience from Vietnam" or still higher in 
Glass’ experience, a 35.5% complication rate." 

The incidence of wound infection was also high in the 
not too distant past. A series of 69 wounded in the vear 
1945 shows a rate of 64% of infected wounds." A series of 
120 wounded from Indochina shows a 50% incidence of 
infected wounds among those who had their wound de- 
brided.! Wound infection was less frequent in the Alge- 
rian War. There were 7% of infected wounds only among 
those who had debridement of their wounds? 

The infectious complication following a thoracic 
wound has been related to one of the following causes’: 
1) non-intervention at all in the presence of hemothorax 
or puncture of the pleura only; 2) inadequate debride- 
ment of the wound, and 3) thoracotomy done as primary 
treatment in the management of the patient. 

The management of the hemothorax by systemic 
drainage of the pleura has become widely accepted in the 
Vietnam war only.?!9?? Surgeons during the Korean 
Conflict!*!5 were divided between those in favor of inter- 
costal drainage and those who preferred thoracentesis 
which was the accepted practice in World War IL" 
Vallee, who treated a large group of patients from Korea 
advocated aspiration of the traumatic hemothorax.^' He 
also stated that early evacuation of the pleural space and 
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its obliteration had prevented many cases of infection. 
Although widely used later in civilian chest injuries, in- 
tercostal drainage was only done in a small number of 
cases at the end of the Algerian War 4 

The effectiveness and advantages of the method have 
been repeatedly confirmed in the abundant literature 
available. As an example, there were only two cases of 
empyema occurring in Virgilio’s series of 125 wounded of 
the chest in Vietnam. Ninety four per cent of the cases 
were adequately treated by tube thoracostomy.? In Beall 
and associates’ series of 921 civilian penetrating chest 
injuries, only 9 cases of empyema were noted? 

Clotting and infection of the pleural cavity have been 
directly related to incomplete or inadequate drainage of 
the cavity.’ 

The two groups of patients reported in the present 
study show really no essential difference in the character 
of the chest injury sustained. In both, severe in- 
trathoracic damage was present and had been caused in 
the majority of cases by small splinters and shrapnels. It 
seems right however to maintain the division into two 
groups as this allows for a better evaluation of the con- 
cept of primary treatment in a forward hospital, to be 
completed later in a base hospital. The hospital 
functioned as a forward hospital as well as a base hospital 
for the patients of the first group whereas patients of the 
second group were evacuated to this hospital only after 
having been treated first in a forward hospital installation, 
soon after wounding. This experience is in accordance 
with the policy of initial management of the wounded as 
practiced in Vietnam’? and shows clearly that treatment 
started as soon as feasible after wounding proved most 
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beneficial. Among other steps in management, one-can 
reasonably state that early evacuation of the contami- 
nated pleural fluid content suppressed effectively the de- 
velopment of infection in the pleural cavity. 

Worth discussing is the high rate of infectious compli- 
cations which occurred among those patients who un- 
derwent primary thoracotomy as initial management 
after injury. The treatment of the chest injury was essen- 
tially conservative in this series and was such in Viet- 
nam.?7? The severity of the injury however, dictated 
urgent intervention in individual cases. This primary 
thoracotomy evidently increased the risk of infection. It 
has been considered for long as a most serious interven- 
tion because of the risk of infection involved. The series 
from the year 1945 quoted above shows a 7596 rate on 
infection developing among those patients who under- 
went thoracotomy.* The series from the Indochina War 
shows that 90% of the primary thoracotomies became 
infected.* In a series from Algeria, thoracotomy was 
done in 21% of the cases. Twenty-two per cent of these 
became infected.* In a series of 476 chest injuries from 
Vietnam, initial thoracotomy was done in 10.8% of pa- 
tients and infectious complications developed in 16.6%. 
In those treated only by intercostal drainage, a 6.1% rate 
of empyema was noted.'® 

At thoracotomy, hemostasis was secured and large 
intrathoracic foreign bodies were removed. The lung 
hematoma was left undisturbed. Deep lacerations in the 
lung substance were loosely approximated care being 
taken to avoid the formation of a closed cavity. Resection 
of lung parenchyma was avoided, as a rule, thus eliminat- 
ing the possibility of a residual space formation. 


TABLE 7. Infectious Complications Observed in Both Groups of Patients 


MM — M— M M MÀ MÀ MM M a uL 


Wound 
Nos Lung Infection 
Patients Abscess Only 


Wound 
Infection Total 
and Nos 
Empyema Empyema Infections % 


— — —— MM MÀ M M MÀ a a LLL 
First Group 


Patients 

treated 

conserva- 

tively 56 I Í E7 
Patients 

Operated 25 2 3 5 20 
Subtotal 81 i 2 3 6 7.4 

Second Group 

Patients 

treated 

conserva- 

tively 38 0 0 0 0 0 
Patients 

Operated 237 0 0 0 | i L.58** 
Subtotal 63 0 0 0 [ i 1.58 
Total 144 i 2 3 l 7 4,867 





“Exploratory thoracotomy was performed in 2 patients who had no chest injury. 
**1.63% in 61 patients with chest injuries. 
74.92% in 142 patients. 





Ittured who suffered a ‘‘traumatic thoracotomy” were 
encountered in the first group of patients only. This term 
has been used by Shefts and Doud during the World War 
H to describe the large open wound of the chest, wide as 
palm.” These wounds were debrided down to the pleura, 
the bone edges were trimmed and hemostasis secured. 
The lung, as described above, was treated ‘‘conservative- 
ly" and an effort was made to close the chest, leaving the 
superficial soft parts open. Worth mentioning is the fact 
that closure of those open chest wounds was already 
being done in the second half of World War I? 

Thoraco-abdominal injuries. in both groups, were 
treated separately by tube thoracostomy and laparotomy 
or a separate thoracotomy when needed, thus avoiding 
the contamination of the pleural space by intestinal con- 
tents, as advised by Carter and DeBakey ?:!5 

A high incidence of infected wounds has been noted in 
patients who did have their wounds debrided.* This leads 
one to believe that debridement in those cases has not 
been adequately carried out. A penetrating wound of the 
"^ chest should be considered as a potential candidate for 
suction according to Hughes.’ Therefore, all wounds 
with a diameter larger than 2 cm were systematically 
explored under general anesthesia, in patients admitted 
to this hospital during the October 1973 War. Debride- 
ment of the wound revealed a wide opening in the chest 
wall in 9 patients. The pleural contents were aspirated 
and the pleura thoroughly irrigated. The drain was re- 
positioned when necessary and the chest wall closed. 
This wide debridement was already commonly used in 
World War IL" The soft parts were left open and not 
closed primarily as in Virgilio's cases.” They were su- 
tured several days later with no complications.*?:!5 

It is believed that this relatively more active attitude 
which was adopted in the management of these latter 
cases contributed significantly to the favorable outcome 
and lowered considerably the incidence of infection of 
the chest wounds. 


Conclusion 


Infection following war chest injuries was common in 
the past and remains a major complication of these 
wounds. 

A series of 142 wounded is reported, from the Six-Day 
War of June 1967 and 5 years later and from the Yom 
Kippour War of October 1973. The first group includes 81 
injured admitted soon after wounding and the second 
group of 61 which were managed first in a forward hospi- 
tal before being admitted to our hospital. Infection oc- 
curred in 6 patients of the first group (7.492) and in one 
patient of the second (less than 2%), a total rate of 4.9%. 

Factors which contributed to the low incidence of in- 
fection were: early drainage of the hemothorax, pro- 
longed antibiotic therapy and avoidance of thoracotomy 
as primary treatment. Infection occurred indeed mainly 


WAR CHEST INJURIES 





149 


in these cases. Resection of lung tissue was avoided. 
Thoracoabdominal injuries were dealt with separately. 
Larger wounds, over 2 cm in diameter, were widely de- 
brided and in a few instances, a wide opening into the 
chest was found. Delayed closure of wounds was the 
rule. Clotted hemothoraces were evacuated as soon as 
diagnosed, in accordance with the principle of securing 
the early complete obliteration of the pleural space. 
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After Cholecystectomy 


Prolonged Secretion of Lithogenic Bile 


R. M. McDOUGALL, M.D., K. WALKER, M.B.CH.B., AND O. G. THURSTON, M.D. 


Hepatic bile samples were obtained from 8 subjects 1% to 23 years 
after cholecystectomy for presumed cholesterol gallstones. The 
content of cholesterol, bile acids and lecithin was determined for 
each bile sample and compared to the values found in gallbladder 
bile in 15 control subjects undergoing cholecystectomy for pure 
and mixed cholesterol stones. Plot of the data on triangular coor- 
dinates and subsequent determination of lithogenic index showed 
that bile was supersaturated with cholesterol in both groups of 
patients. The cholesterol content of bile remained at supersatu- 
rated levels following cholecystectomy and showed no tendency to 
return toward normal levels with the passage of time. 


ECENT INVESTIGATIONS into the chemical dissolution 
f cholesterol gallstones’ have focused attention on 
the length of time a lithogenic bile is secreted by the liver 
in patients who develop such stones. This time period is 
critical to the present medical treatment of gallstones 
because if a bile supersaturated with cholesterol is se- 
creted indefinitely then medical treatment may have to be 
a lifelong one and the chance of failure due to the patient 
not taking the medication (chenodeoxycholic acid, 
CDCA) increases. If the effect of medical treatment is 
only to delay definitive surgery from age 25 to age 65, for 
example, then such treatment is of dubious value. 

The purpose of this study is to determine whether or 
not a lithogenic bile is secreted following cholecystec- 
tomy for cholesterol gallstones, and if so for how long. 
To accomplish this we have determined the hepatic bile 
content of cholesterol, lecithin and bile acids on 8 pa- 
tients 114 to 23 years after cholecystectomy for presumed 
cholesterol gallstones. The hepatic bile composition of 
these eight patients was compared to the gallbladder bile 
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composition of 15 patients undergoing cholecystectomy 
for cholesterol gallstones. 


Materials and Methods 


Hepatic bile samples were obtained from 5 women and 
three men ages 28 to 71 who had undergone cholecystec- 
tomy 1% to 23 years previously for gallstones. The bile 
acid, cholesterol and lecithin content of the bile samples 
was determined. Former operative and pathology rec- 
ords were obtained in these patients and in each case 
suggested that the gallstones were pure or mixed choles- 
terol stones. Bile was obtained by needle or T-tube 
aspiration of the common bile duct at the time of 
laparotomy in 6 patients, by duodenal catheter aspiration 
intra-operatively in one patient, and via a gastrostomy 
tube postoperatively in one patient. Only bile samples 
containing 3-25% total solids and sterile to aerobic and 
anaerobic culture were included in the study. None of the 
subjects was jaundiced at the time the bile sample was 
taken, but mild elevations of serum glutamic oxaloacetic 
transaminase (SGOT) and/or serum alkaline phosphatase 
were present in three patients, and one patient had a 
common duct stone (Table 1). The hepatic bile composi- 
tion in these 8 subjects was compared to gallbladder bile 
content of bile acids, cholesterol and lecithin of 10 
women and 5 men ages 24-70 currently undergoing 
cholecystectomy for pure and mixed cholesterol 
gallstones in a radiologically functioning gallbladder. Bile 
was obtained by needle aspiration of the gallbladder at 
the time of cholecystectomy. The cholesterol content of 
the gallstones present was determined in 13 of these 
subjects after the stones were dried and weighed. 
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i TABLE l. Clinical and Laboratory Data on Eight Subjects Who Previously Underwent Cholecystectomy for Gallstones 
Serum 
lime Since Serum Alkaline 
Patient Age, Sex Cholecystectomy Bilirubin SGOT Phosphatase How Bile Sample 
No. (Yrs) (Yrs) (mg%) IU/L IU/L Obtained Present Diagnosis 

LRF. 56,F 15 0.5 33 88 Aspiration of Benign stricture 
common duct 

2. N.T. 46,F 7 0.7 44 140 Aspiration of Reflux esophagitis 
duodenum 

3. W.F. 44,M 5 0.3 89 217 Aspiration of Common duct stone 
common duct 

4, MJ. 4S,F 23 0.3 42 158 Aspiration of Neuroma common 
common duct bile duct 

5. 1G. 28,F 3 0.2 29 FÉ T-tube in Pancreatitis 
common duct 

6. LM. 64, M 10 0.4 47 89 Aspiration of Pancreatitis 
common duct 

7. S.M. 31,F 1.5 0.5 31 51 Aspiration of Duodenal ulcer 
duodenum Hiatus hernia 

8. G.K. 71,M 8 0.5 20 65 Gastrostomy Duodenal ulcer 
tube 
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—4&- The method of analysis for total bile salts was that of | with cholesterol as determined by Admirand and Small 
Engert and Turner? using the 3-a-hydroxysteroid dehy- has an index less than 1.0 and a saturated or supersatu- 
drogenase extracted from Pseudomonas testosteroni. rated bile an index of 1.0 or greater. 
Biliary lecithin was estimated following an extraction 
with chloroform-methanol, and an aliquot of the Results 
chloroform extract was evaporated and digested with The hepatic bile samples from 8 subjects who had 
sulphuric acid and hydrogen peroxide. Phosphorus was undergone cholecystectomy 1% to 23 years previously 
then estimated with the standard acid molybdate with were saturated or supersaturated with cholesterol in all 
subsequent reduction by aminonaphthol-sulfonic to form instances (Table 2). The mean lithogenic index for this 
the characteristic blue color. This method follows that group was 1.31 (S.D. € 0.1D). The group of 15 subjects 
outlined by Bragden.* The cholesterol content of bile was currently undergoing cholecystectomy for pure and 
estimated by the classical method described by Abell, mixed cholesterol gallstones had bile samples supersatu- 
using the Liebermann Burchard reaction following rated with cholesterol in all but 3 instances (Table 3). The 
saponification of the cholesterol esters with alcoholic mean lithogenic index for this group was 1.41 
potassium hydroxide and extraction of the free choles- (S.D. +0.48). 
terol into petroleum ether. The molar percentages of biliary cholesterol for the 
The data for each sample was then plotted on the current cholecystectomy group (15 subjects) and previ- 
triangular coordinates of Admirand and Small? From this ous cholecystectomy group (8 subjects) are shown in Fig. 
plot the lithogenic index for each sample was determined 1. The mean value of molar per cent cholesterol for the 
as described by Metzger et al.5 wherein a bile unsaturated — cuttent cholecystectomy group is 14.0 (S.D. — 5.2) and 








TABLE 2. Composition of Hepatic Bile and Lithogenic Index in Eight Subjects Who Previously 
Underwent Cholecystectomy for Gallstones 
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Patient mM per Liter % of Total mM Lithogenic 
Bile Acids Lecithin Cholesterol Bile Acids Lecithin Cholesterol index 
L REF. 44.3 15.2 6.6 67 23 10 1.00 
2. NAT, 23.0 5.1 4.] 72 15 13 1.44 
3. W.F. 62.0 16.2 9.5 71 18 E 1.11 
4, MJ. 28.1 11.1 4.9 64 25 11 1.09 
5 LG. 42.2 11.2 6.4 70 i8 i2 1.22 
» 6. I.M. 33.5 13.1 6.3 63 25 12 1.18 
i 7. S.M. Ia T 4.0 61 25 14 1,36 
"3 8. G.K. 14.0 2.9 3.9 67 14 19 2.06 
| Mean 67 25 27 1.31 
S.D. 3.9 4.7 2.8 Oil 
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TABLE 3. Composition of Gallbladder Bile and Lithogenic Index in 15 Subjects (Gallstones Present) i 
Patient mM Per Liter 96 of Total mM Lithogenic % Cholesterol 
in stones 
Bile Acids Lecithin Cholesterol Bile Acids Lecithin Cholesterol Index (dry wt) 
LSH. 125.0 44.6 15.5 69 22 9 0.92 99 
2. LH. 105.0 36.9 30.6 62 2l i 1.70 95 
3. R.K. 153.0 43.6 19.8 71 20 9 0.92 93 
4. C.W. 177.0 64.6 35.5 64 23 13 1.29 88 
5. HT. 71.9 33.6 12.5 63 24 10 0.97 86 
6. J.M. 117.0 40.3 21.4 66 de 12 1.20 -— 
T2ESME 32.0 16.5 9.5 67 21 12 1.21 81 
8. P.H. 54.0 18.7 10.9 65 22 13 1.29 68 
9, LB. 31.7 10.5 5.3 67 22 11 i.10 66 
10. E.A. 30.0 12.6 54 63 26 li 1.07 79 
IL Z.M. 58.0 18.1 21.4 60 19 21 2,10 — 
12. R.D. 29.0 4.3 3x 75 11 14 1.46 94 
[3 ES: 23.9 10.6 13.7 50 22 28 2.70 73 
14. R.A. 98.0 56.0 18.0 56 33 i} 1.18 78 
15. S.S. 46.0 27.7 16.9 51 30 19 2.06 65 
Mean 63 23 14 1.4] 
S.D. 6.7 5.0 5.2 0. 48 


for the previous cholecystectomy group is 12.7 
(S.D. = 2.8). 

The molar per cent of cholesterol in the bile samples in 
8 previously cholecystectomized subjects is plotted against 
time since cholecystectomy in Fig. 2. The graph indicates 
that bile supersaturated with cholesterol in these subjects 
does not become less saturated with the passage of time. If 
one extrapolates this plot the inference is that bile in these 
patients remains supersaturated with cholesterol indefi- 
nitely. 


Discussion 


In this study we have sampled gallbladder bile in one 
group of subiects, hepatic bile in the other. It has been 
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Fig. 1. Cholesterol molar per cent in bile in A) 15 subjects currently 
undergoing cholecystectomy and B) 8 subjects who previously under- 
went cholecystectomy. Line A represents the approximate limits of 
cholesterol solubility in bile reported by Admirand and SmalP and Line 
B the linits found by Holzbach et al^ 
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shown that gallbladder and hepatic biles from the same * 


subject are similar in their molar per cent composition of 
cholesterol, bile acids and lecithin: although concentra- 
tion of these substances is greater in gallbladder bile.!?:!? 
For this reason it may be permissible to compare 
gallbladder and hepatic bile composition in different sub- 
jects as we have done, but the possibility of introducing 
error by such comparison cannot be completely dis- 
missed. 

Bile samples obtained in this study were all taken from 
fasting subjects as was the case in the original studies of 
Admirand and Small? Metzger et al? have shown that 
fasting hepatic bile is more lithogenic than gallbladder or 
hepatic bile obtained during feeding. These facts may 
explain why the plots of our data on triangular coordi- 
nates (Fig. 1) relate more closely to the cholesterol solu- 
bility line of Admirand and Small than to the line defined 
by Holzbach et al.’ 

In this study we have elected to examine the bile of 
patients who have previously undergone cholecystec- 
tomy in order to determine how long a lithogenic bile is 
secreted. One might argue that a study of patients who 
have had known gallstones present for a long time would 
yield similar information. However in such a group of 
patients the effect of the gallstones themselves on bile 
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Fic. 2. Molar per cent cholesterol in 8 subjects who previously under- 
went cholecystectomy for gallstones, plotted against time since 
cholecystectomy. 
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composition must be taken into consideration as the bile 
cholesterol is in equilibrium with stone cholesterol if the 
gallbladder is ‘‘functioning.’’ If the gallbladder in such 
patients is “‘non-functioning’’ they are little different 
from our cholecystectomized patient group. 

Other investigators have reported that hepatic bile re- 
mains lithogenic following cholecystectomy for pure and 
mixed gallstones? although not all investigators agree on 
this point. ? The subjects reported in this study possi- 
bly represent the longest followup study of bile composi- 
tion after cholecystectomy. The data on these subjects up 
to 23 years after cholecystectomy confirm the reports 
that bile remains lithogenic and suggests that it does so 
indefinitely, as no trend toward decreasing cholesterol 
supersaturation was noted with the passage of time after 
cholecystectomy. These data support the concept that 
the production of a lithogenic bile by the liver is a lifelong 
phenomenon once begun, and has important implications 
for the future of dissolution of gallstones with the oral 
administration of CDCA. The observation that gallstones 


reappear after therapy with CDCA" is stopped is not 


surprising when it is appreciated that the liver continues 
to elaborate a bile supersaturated with cholesterol. 
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Reversed Gastric Tube (RGT) Esophagoplasty for 
Failure of Colon, Jejunum and Prosthetic Interpositions 


HENRY J. HEIMLICH, M.D., F.A.C.S. 


Reversed gastric tube (RGT) esophagoplasty is preferred by the 
author as the primary procedure for esophageal replacement. 
Many patients undergoing RGT esophagoplasty, however, have 
previously had multiple operative procedures. A particularly 
challenging problem in esophageal reconstruction is the patient 
who has already had unsuccessful intestinal or prosthetic inter- 
position operations in attempts to reconstruct the esophagus. In 
such patients, it has been possible to replace the esophagus by 
means of the RGT operation. Of 67 RGT esophagoplasties, 9 
patients (13.4%) had previous interposition operations that had 
failed. Six had undergone colon interposition; 2 of these had 
strictured, 1 had partially sloughed leaving a cervical salivary 
fistula, and in 1 the proximal end was never patent. In each 
instance, bypass with RGT was performed without resecting the 
colon transplant. The colon had necrosed and was removed in 2 
patients. Of the remaining 3 patients, in 1 a plastic esophageal 
prothesis had sloughed and two had free jejunal transplants, 1 of 
which had impaired vascularity and the other had fibrosed. The 
specific techniques used to reconstruct the esophagus by reversed 
gastric tube esophagoplasty, as they relate to this particular 
group of patients, are described. 


ANY OF THE PATIENTS in whom we perform reversed 
gastric tube (RGT) esophagoplasty at the 

Esophagus Center, The Jewish Hospital, Cincinnati, 
have previously undergone multiple operative proce- 
dures and other treatment in an effort to manage their 
esophageal problems. Particularly challenging is the pa- 
tient who has already had unsuccessful intestinal inter- 
position in an attempt to reconstruct the esophagus. This 
person invariably has had several operations (in one in- 
stance, 8 major procedures) that have compromised the 
specific areas necessary to esophageal reconstruction. 
For example, a colon transplant invades the neck and 
involves the cervical esophagus; the retrosternal plane is 
entered; the stomach and its vascular supply are altered 
by a cologastric anastomosis and gastrostomy, and other 
intestinal anastomoses are performed. Frequently, a cer- 
vical salivary fistula is present and previous infection has 
obliterated anatomic planes. Thusfar, in all such patients 
encountered, we have been able to reconstruct the 
esophagus by means of the RGT operation. 
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The colon, as well as the small bowel, 1s susceptible to 
damage from regurgitated gastric secretions when anas- 
tomosed to the stomach. Seven experimental studies 
were cited in an earlier paper, demonstrating that the 


more distal one goes in the intestinal tract the less resis- -e 


tant the bowel is to the effects of gastric juice.? In the 
same publication, an additional 17 papers were cited de- 
scribing patients in whom the colon had been used for 
esophageal replacement, and who subsequently had ul- 
ceration, bleeding, stricture, or perforation of the colon 
transplant. 

In the past 20 years, we have replaced the esophagus 
by the RGT operation in 67 patients and find it the most 
satisfactory primary procedure for esophageal replace- 
ment. There have been three postoperative deaths 
(4.2%). We prefer it to colon interposition because the 
RGT provides a physiologic method of reconstruction. 
No intestinal organ is interposed between the esophagus 
and stomach; the new "'esophagus"' grows at a normal 
rate in children; the blood supply to the RGT is excellent; 
secondary peptic esophagitis does not occur because the 
antrum of the stomach (which secretes minimal acid) 
forms the portion of the RGT that is anastomosed to the 
proximal esophagus. The patient can eat normally 
whether the RGT is placed subcutaneously, retrosternal- 
ly, or intrathoracically. This last factor was essential to 
the performance of esophagoplasty in the patients we will 
present, since in each case one or more of the routes from 
the abdomen to the neck had been obliterated. 

The history of the development of the RGT operation 
has been recorded in detail in previous publications.?? 
The Reversed Gastric Tube operation, which provides a 
gastric pedicle tube long enough and with an adequate 
blood supply to enable the entire esophagus to be re- 
placed, was first described in 1955.’ For ten years prior, 
the Iron Curtain prevented exchange of scientific infor- 
mation between Eastern Europe and the West. Gavriliu 
and Gorgeson in Romania, also in 1955, informed me, 
after reading my paper, that they had independently de- 
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FiG. la. Stomach specimen demonstrates a one foot long double row of 
staples parallel to and 1 inch from the greater curvature. The staples 
* were inserted in two applications. An incision has been made between 
the staples and will be continued for the full length of the row. They 
approximate the anterior and posterior walls of the stomach, thereby 
forming the gastric tube on the greater curvature side as well as closing 
the remainder of the stomach. 


scribed the RGT operation. Their contribution was then 
made known to the West in a report by me. 

Sanders, Burrington and Stephens,’ and Glasson, 
Dey, and Cohen’? have made a major contribution to 
RGT esophagoplasty by applying it successfully in in- 
fants and children. Two of the patients with colon trans- 
plant failures reported herein, ages 2 and 15 years, are in 
this category. 

Nine patients (13.4%) were referred to us after having 
interposition operations that had failed. These patients 
had been operated on in major hospitals, 7 of them in 
university medical centers. The surgeons who performed 
the procedures were qualified and experienced in 
esophageal surgery. The failure, therefore, could not be 
attributed to faulty technique, but more logically to the 
inadequacies of the kind of operation used or to the 
severity of the disease encountered. The esophagus was 
subsequently successfully reconstructed by the RGT op- 
eration in all 9 patients. 


Reversed Gastric Tube (RGT) Operation 


A pedicle tube, 1 foot long and approximately 1 inch in 
diameter, is constructed from the greater curvature of the 
stomach. This gastric tube is formed in the following 
manner: An incision is made into the greater curvature 4 
cm proximal to the pylorus, the gastroepiploic vessels 
having been ligated at this site. The Izukura stapling 
instrument is used to insert a 6 inch double row of 
staples, parallel to the greater curvature of the stomach, 
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and 1 inch from it. An incision is made between the 
staples forming a gastric tube 6 inches long. An additional 
6 inch long double row of staples extending proximal to 
the first row is inserted and an incision between them 
completes the 12 inch long gastric tube for total 
esophageal replacement (Fig. la). The staples join the 
anterior and posterior walls of the stomach; therefore, 
the incision made between these staples forms both the 
tube from the greater curvature and the remainder of the 
stomach has already been closed by the staples. The 
staples are then inverted into the gastric tube and into the 
residual stomach by a continuous silk suture (Fig. 1b). 

Before the gastric tube is formed, the tail of the pan- 
creas is freed from its bed and the spleen is resected 
distal to the origin of the gastroepiploic vessels. The 
blood supply to the greater curvature of the stomach is 
thereby enhanced and the vessels are lengthened suffi- 
ciently to accompany the RGT to the pharynx. In chil- 
dren, the mobility of the spleen makes its removal un- 
necessary. 

The gastric tube remains attached at the fundus and is 
reversed in direction, its antral end being brought up to 
the neck. The tube can be routed subcutaneously, retro- 
sternally, or intrathoracically. In patients with a tracheos- 
tomy, the mediastinum and thoracic inlet are obliterated, 





FiG. 1b. Schema of gastric tube after the staples have been inverted into 
the stomach with continuous seromuscular silk sutures. 
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making the subcutaneous tunnel obligatory. The retro- 
sternal position offers a cosmetic advantage, a point to be 
considered in children and young women. 

The cervical esophagus is divided and the distal end 
closed. The proximal end of the cervical esophagus is 
anastomosed end-to-end to the RGT (Fig. Ic). In patients 
with disease of the cervical esophagus, the gastric tube is 
anastomosed to the pharynx. Pyloroplasty is done 
routinely, and a temporary gastrostomy is created for 
postoperative decompression and feeding, if one is not 
already present. 


Case Reports 
Colon Interposition Failures 


Patient 1. A 66-year-old woman with esophagitis and stricture had 
repeated esophagoscopy and dilatation for five years. In July 1963, the 
ulcerated lower third of the esophagus was resected and a segment of 
transverse colon interposed between esophagus and stomach. When we 
first saw the patient in October 1963, she could swallow liquids with 
difficulty and had lost more than 20 pounds. Esophagogram dem- 
onstrated stricture at each end of the colon transplant. 

The RGT operation was done at the Montefiore Hospital in De- 
cember, 1963. Leakage from the midportion of the gastric tube healed 
after revision under local anesthesia. She was able to eat a regular diet. 
The cardia had not been fixed in place during the colon transplant, and 
two years after the RGT operation the stomach had so expanded as a 
result of her eating that a gastric volvulus developed. Gastroenteros- 
tomy was performed and she remained well eating a regular diet for the 
6 years she was observed. 

Patient 2. This 50-year-old woman had the following procedures prior 
to admission to The Jewish Hospital (Cincinnati): Thyroidectomy for 
goiter, left vocal cord paralyzed. Papillary adenocarcinoma found and 
radiotherapy administered (1950); Excision of stenotic segment of 
trachea (secondary to radiotherapy) with end-to-end anastomosis. 
Stenosis recurred. Radiation stricture of the cervical esophagus neces- 
sitated multiple dilatations with eventual perforation (1971); Cervical 
laminectomy for drainage of extradural abscess (April 5, 1972); Cervical 
vertebrae explored through anterior approach and abscess of the body 
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FiG. lc. Reversed gastric 
tube (RGT) is anastomosed 
to cervical esophagus and 
bypasses the diseased 
esophagus, the upper end 
of which has been closed. 
(Fig. 1 diagrams are from 
the motion picture Re- 
versed Gastric Tube 
Esophagoplasty Using 
Stapling Technique, The 
American College of Sur- 
geons Film Library). 


of C5 drained (April 25, 1972); Reexploration of same via posterior 
approach. Continued esophageal dilatations (May 13, 1972); Segment of 
right colon interposed retrosternally with terminal ileum closed in the 
neck (March 23, 1973); Cervical esophagoileostomy attempted but cer- 
vical esophagus was imbedded in scar tissue. Right vocal cord 
paralyzed (March 30, 1973); Ileopharyngostomy performed but never 
patent or functional. On admission to Jewish Hospital, extensive pul- 
monary damage was present due to recurrent aspiration pneumonia 
(April 5, 1973); RGT operation achieved without difficulty despite mas- 
sive adhesions and cologastric anastomosis. Blood supply to colon 
transplant was carefully preserved. The RGT was brought to neck 
subcutaneously, upper end of gastric tube was closed and left under the 
skin in the neck. Gastrostomy was left in its original site (July 3, 1973); 
Dissection through extensive scarring to expose the pharynx and re- 
move a portion of the thyroid cartilage enabled a pharyngo-RGT anas- 
tomosis to be performed. Patient was able to eat soft foods in one week. 
On twelfth postoperative day, however, she aspirated food and required 
emergency bronchoscopy and repeated suctioning (August 23, 1973); 
Tracheostomy performed with difficulty due to extensive scarring and 
inability to extend neck (previous laminectomies and radiotherapy). 
Bleeding from friable innominate artery necessitated its ligation. The 
patient did poorly thereafter, frequently aspirating after either oral or 
gastrostomy feedings (September 10, 1973); Discharged to her original 
hospital. Recurrent episodes of aspiration continued and she had inter- 
mittent oozing of blood around the tracheostomy. Closure of trachea 
using the epiglottis did not prevent aspiration (November, 1973); Un- 
controllable hemmorrhage from the stump of the innominate started in 
February of 1974. At autopsy, the posterior trachea was so densely 
adherent to the spine that the two could not be separated. A fistula 
between the trachea and strictured esophagus was found, not previ- 
ously visible due to tracheal stenosis, obviously a cause of aspirations. 
RGT was intact and its anastomosis to pharynx was patent. 


Patient 3. A 15-year-old girl with hiatus hernia, short esophagus, and 
stricture had not responded to multiple dilatations. The following pro- 
cedures were performed elsewhere. July 19, 1971: Left thoracotomy 
with Thal-Nissen esophagoplasty and fundoplication, vagotomy, and 
pyloroplasty. Dysphagia relieved for a few months but stricture re- 
curred and persisted despite dilatations. February 1, 1972: Colon inter- 
position with cervical esophagoileostomy and cologastrostomy. Dys- 
phagia relieved for 3 months then recurred due to inflammatory changes 
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Fic. 2a. Patient 3, a 15-year-old girl with hiatus hernia, short strictured 
esophagus. Thal-Nissen procedure failed, recurrent stricture. Colon 
transplant stricture seen in radiograph. 


in the transplanted colon. Barium swallow roentgenograms demonstrated 
massive dilatation of tne transplanted colon with stricture a short dis- 
tance distal to the ileum (Fig. 2a). She had progressive dysphagia 
despite multiple dilatations and could swallow only limited amounts of 
liquids with episodes of total obstruction when admitted to Jewish 
Hospital, September 4, 1972. September 8, 1972: RGT operation. 
Her stomach was in midchest, therefore, a left thoracoabdominal 
incision was made. Cologastric anastomosis occupied the anterior 
wall of the stomach impinging on the greater curvature, approximately 
at the junction of the antrum and fundus. As a result, only the 
proximal half of the greater curvature was available to form the 
RGT. To gain greater length at the upper end of the stomach, the 
fundoplication surrounding the cardia was taken down freeing a few 
additional centimeters of fundus. The RGT, only half its usual length, 


Fic. 2b. RGT half usual 
length due to cologas- 
tric anastomosis on 
midstomach. Stomach in 
midchest, therefore, half 
length RGT was adequate 
to restore gastrointestinal 
continuity. Patient now 
eats normally, food passes 
from cervical esophagus to 
ileum, to RGT, to stomach. 
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easily reached through the thoracic inlet into the neck because the cardia 
of the stomach was located in the chest, well above its normal position. 
Upper end of the RGT was closed and placed under the skin in the neck. 


October 10, 1972: Upper end of RGT anastomosed into the side of 
previously transplanted ileum, using a right cervical incision (Fig. 2b). 
The patient has been able to eat a regular diet since two weeks after this 
last operation. At followup in August 1974, she had gained 40 pounds. 

Patient 4. After many attempts to dilate an esophageal stricture 
caused by ingestion of hydrochloric acid, this 32-year-old man under- 
went right colon interposition with excision of cecum and appendix, 
cervical esophagocolic anastomosis, resection of the right clavicular 
head, gastrostomy, and pyloroplasty. The esophagocolic anastomosis 
sloughed, leaving a 3 cm gap between the cervical esophagus and colon, 
which had retracted into the superior mediastium. December 8, 1972 he 
was admitted to Jewish Hospital 3 months after colon transplant. A 
cervical salivary fistula, 2 cm in diameter, was draining externally and 
through an internal tract into the mediastine colon, as evidenced by the 
appearance of gastrostomy feedings through the external fistula. De- 
cember 22, 1972: RGT operation. RGT brought to neck subcutaneously, 
its upper end closed and left beneath the skin. Cologastric anastomosis 
and colon transplant were left intact as was the gastrostomy. January 
26, 1973: RGT anastomosis. Cervical esophagus was densely adherent 
to underlying tissues aud could not be freed. A transverse 
esophagotomy was made just above the salivary fistula and the RGT 
anastomosed to the side of the esophagus. The thick tract of the fistula 
was drained. After operation, the patient was able to eat a regular diet 
although salivary drainage continued. The fistula subsequently closed 
spontaneously (Fig. 3). A letter in April 1973 reported the patient was 
eating all foods and the fistula remained healed. 

Patient 5. November, 1972: Two weeks after a 15-month-old boy 
ingested liquid caustic, laryngoscopy revealed healing burns of 
arytenoid cartilages with hypopharyngeal contraction. Esophagoscopy 
showed circumferential burns of entire esophagus, whitish exudate and 
granulation tissue, and lower third stricture. November 6, 1972: Gas- 
troscopy and gastrostomy were performed; the stomach was normal. 
March 12, 1973: Esophagoscopy demonstrated extensive stricture of 
entire esophagus and widespread granulation. Dilatations were done 
every other day. Persistent right upper lobe pneumonia developed, and 
a barium swallow, esophagoscopy, and bronchoscopy revealed a 
tracheoesophageal fistula at 10 cm. April 26, 1973: Bypass with trans- 
verse colon was attempted, using left thoracotomy and incision of 
diaphragm but the colon transplant became cyanotic and was im- 
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Fic. 3. Patient 4, lateral 
view, Trendelenburg posi- 
tion, postoperative barium 
swallow, shows retrograde 
filling of retained colon. 
Arrow indicates subcu- 
taneous RGT. 
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mediately resected. Severe pneumonitis persisted; therefore, four days 
postoperative an emergency cervical esophagostomy was performed, 
and two days later tracheostomy was required. Subsequent attempts to 
remove the tracheostomy tube were unsuccessful. May 10, 1973: Pa- 
tient admitted to Jewish Hospital in fair condition with tracheostomy 
and gastrostomy. A cervical salivary fistula was present, with 100% of 
the saliva draining from an otherwise closed pharyngeal pouch. October 
4, 1973: A first stage subcutaneous RGT was formed, the upper end 
placed in the neck under the skin adjacent to the existing fistula. 
Dissection was difficult in order to free the spleen which was adherent 
to the diaphragmatic incision site. It was possible to preserve the 
spleen, which is desirable in infants, and construct an RGT of adequate 
length and mobility. January 8, 1974: RGT anastomosed to the 
pharyngeal pouch; the fistula persisted. The anastomosis strictured and 
was revised May 31, 1974. A plastic tube was left across the anas- 
tomosis and held in place by a suture led through the pharyngeal fistula 
and tied to a button. Subsequently the plastic tube was removed; 
however, the salivary fistula persisted. June 24, 1974: The tracheos- 
tomy tube was removed; the opening healed in 24 hours. July 23, 1974: 
The patient was discharged with small salivary fistula. Subsequently, in 
his home hospital, the RGT was placed retrosternally and anastomosis 
revised. The fistula healed and the patient eats a regular diet. 
Patient 6. A 46-year-old woman accidentally swallowed liquid drain 
cleaner on July 26, 1973, and subsequently esophageal stenosis de- 
veloped. Esophagoscopy showed no esophageal mucosa from 22 cm 
below the alveolar ridge to the stomach. Weekly esophageal dilatations 
were of no benefit and she lost 30 pounds. December 6, 1973: A left 
colon bypass was brought to the neck subcutaneously with bilateral 
vagotomy, pyloroplasty, and excision of the left thyroid lobe due to a 
nodule (benign). The colon necrosed and a cervical salivary fistula de- 
veloped. December 15, 1973: The necrotic colon transplant was re- 
sected; subhepatic, subcutaneous tunnel, and neck abscesses were 
drained; gastrostomy performed; salivary fistula present. July 17, 1974: 
She was admitted to Jewish Hospital with intermittent chest pain, 
leukocytosis, and low grade fever. She weighed 90 pounds. The salivary 
fistula had closed leaving a blind pouch lined with pharyngeal mucosa 
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(visualized at esophagoscopy) which extended below a 1 cm remnant of 
cervical esophagus. August 15, 1974: RGT esophagoplasty performed, 
brought to the neck subcutaneously. After excision of the blind pouch, 
the RGT was anastomosed to the proximal end of the cervical 
esophagus. A small subcutaneous abscess was drained in the neck. 
Recovery has been uneventful and she has eaten normally since the 
third week after operation (Fig. 4). 

Patient7. A 61-year-old woman was admitted to Montefiore Hospital in 
June 1967, because of dysphagia and loss of 20 pounds. Lengthy squamous 
cell carcinoma was present at 17 cm (cervical esophagus). June 29, 1967: 
The Head and Neck Service performed pharyngoesophagolaryngectomy, 
tracheostomy, radical neck and superior mediastinal node dissections by 
way of asternal splitting incision. Anattempted free jejunal transplant was 
unsuccessful due to inadequate vascularity of graft. Therefore, the distal 
thoracic esophagus was closed, pharyngostomy constructed, and a 
gastrostomy tube inserted. August 1, 1967: A RGT esophagoplasty with 
end-to-end anastomosis of gastric tube to pharyngostomy was performed. 
The patient ate a regular diet and learned ‘‘esophageal’’ speech (via the 
RGT). Three and one-half years postoperatively the patient died after 
accidental removal of the tracheostomy tube at home. 

Patient 8. A 62-year-old woman had pharyngoesophagolaryngectomy 
on January 3, 1967 for postcricoid carcinoma, and reconstruction with a 
vascularized free jejunal transplant at Montefiore Hospital (Head and 
Neck Service). Dilatations were performed every one to two weeks 
resulted in perforation into right chest in January 1969. Thoracotomy for 
empyema and neck exploration revealed that the jejunal transplant had 
fibrosed immediately after the first procedure and food had been passing 
through a fistulous tract into the distal esophagus. February 19, 1969: RGT 
esophagoplasty required anastomosis of the gastric tube to a rim of skin 
attached to the pharyngostomy as the mucosa was higher than the base of 
the tongue and could not be freed (Fig. 5). The patient ate aregular diet and 
learned ‘‘esophageal’’ speech. The patient died on July 8, 1971 from heart 
attack. 


Prosthetic Interposition Failure 

Patient 9. Prior to her admission to Montefiore Hospital in June 1959, 
a 62-year-old woman had undergone the following surgical procedures 
elsewhere. August 1958: Excision of cervical esophagus for postcricoid 
carcinoma; a Teflon graft prosthesis was unsuccessfully used to replace 
the cervical esophagus. Laryngectomy was performed to prevent death 
from aspiration, a permanent tracheostomy was made, and a Levin tube 
was passed through a distal cervical esophagostomy for feeding. July 1, 
1969: An RGT esophagoplasty was done. The RGT was anastomosed to 
hypopharynx, later revised as the original anastomosis was too narrow. 
The patient ate a normal diet until she died of recurrent carcinoma a 
year later. 


Discussion 


The ages of the 9 patients were from 2 to 66 years. 
They presented specific and complex problems, since 
previous attempts at esophageal replacement had failed 
leaving them in a seemingly hopeless situation. The ob- 


stacles to performing RGT esophagoplasty that result 
from previous interposition procedures include extensive 


adhesions and scarring in the neck and abdomen, salivary 
fistulas, obliterated intrathoracic and retrosternal planes, 
gastrostomies placed near the greater curvature, the pres- 
ence of the colon transplant and its anastomoses, mal- 
nourishment and dehydration. 

Although the interposition operations involved the 
stomach, neck, and thorax, in every case it was possible 
to create an RGT of sufficient length, diameter, and 
blood supply to successfully reconstruct the entire 
esophagus. Although RGT esophageal reconstruction is 
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Fics. 4a and b. Patient 6, 
(left), arrow indicates sub- 
cutaneous RGT. (right), 


Postoperative barium 
swallow demonstrates 
RGT. 


usually performed as a one stage procedure, the complex 
problems in 8 patients warranted doing the operation in 
two stages. The RGT was first constructed and brought 
to the neck, the upper end closed and placed beneath the 
skin. Several weeks later, gastrointestinal continuity was 
reestablished by anastomosing the RGT proximally. 
The primary cause of esophageal obstruction in 6 pa- 
tients with unsuccessful colon interposition was peptic 
esophagitis (2), caustic stricture (3), and radiation fibrosis 
(1). In 4 of these patients, the colon transplant remained 
in the chest anastomosed to the anterior wall of the 
stomach. We elected to bypass the transplant without 
removing it, since removal of the retrosternal colon and 
closure of the cologastric anastomosis site would add a 
formidable procedure. This decision necessitated taking 
great care to identify and preserve the transplanted colic 
blood supply. The retained colon has caused no 
symptoms or problems; should any occur, its excision is 
feasible and less hazardous as an independent procedure. 
In three patients, there was adequate stomach wall be- 
tween the cologastric anastomosis and the greater curva- 
ture to form the full length RGT. In the 15-year-old girl, 
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however, the cologastric anastomosis encroached on the 
greater curvature at the midstomach. Therefore, the gas- 
tric tube was made half length but was sufficient to re- 
store esophagogastric continuity, as the stomach was 
already in the chest due to her short esophagus. 

Three patients had had unsuccessful esophageal re- 
placement after resection of a cancerous cervical 
esophagus and laryngectomy, a free jejunal transplant in 
two, and a Teflon prosthesis had been inserted in one. All 
had permanent tracheostomies. 

In 8 patients it was necessary to bring the RGT from 
the abdomen to the neck in the subcutaneous plane, since 
the retrosternal and intrapleural spaces were obliterated 
as a result of previous surgery. In addition, in 4 of these 
patients the thoracic inlet was blocked by a pre-existing 
tracheostomy. In Patient 3, intrapleural RGT was essen- 
tial because the stomach was already in the chest due to a 
short esophagus. 

The RGT was anastomosed to the pharynx in 4 patients. 
It was joined to the cervical esophagus in 4, 3 of them 
end-to-end. In one, the RGT was anastomosed to the side 
of the esophagus. In Patient 3, the ileum had been anas- 
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tomosed to the cervical esophagus at the time of the 
colon transplant, therefore, the :nd of the RGT was 
joined to the side of the segment of ileum in the neck 
proximal to the strictured colon. 

Pre-existing salivary fistulas in 4 patients did not inter- 
fere with performing the anastomosis, nor did the pres- 
ence of a tracheostomy in 4 patients. Three of these 
fistulas persisted after RGT, two subsequently closing 
spontaneously, and the other was closed surgically. 
In one patient, a salivary fistula developed postop- 
eratively which healed spontaneously and a mid-RGT 
subcutaneous fistula was closed under local anesthesia. 

The presence of an existing gastrostomy in 7 patients 
did not interfere with formation of the RGT, although in 
several the gastrostomy had been placed close to the 
greater curvature. It was always possible to free enough 
stomach wall to form the RGT and use the same gastros- 
tomy postoperatively. In all patients the blood supply to 
the greater curvature, the left gastroepiploic vessels, was 
intact and provided excellent vascularity to the RGT. As 
is customary, the spleen was resected in 8 patients in 
order to enhance the nourishment and mobility of the 
RGT. The usual mobility of the spleen in children ena- 
bled us to preserve this organ in the two-year-old after 
freeing its dense adhesions to a previous diaphragmatic 
incision. 

Seven RGT patients ate a regular diet when discharged 
from the hospital and the eighth did so after a salivary 
fistula healed. The three patients with laryngectomy de- 


HEIMLICH 


Ann. Surg. * August 1975 


FiGs. 5a and b. (left), Pa- 
tient 8, the RGT tube is 
seen beneath the skin to 
the right of the tracheos- 
tomy. (right), Postopera- 
tive barium swallow. The 
RGT is filled with barium 
and its anastomosis to the 
pharynx is seen at the base 
of the tongue. 


veloped ‘‘esophageal’’ voice by swallowing and expelling 
air through the RGT. 

There was no postoperative mortality. The 5 patients 
with benign disease were living and well up to 6 years 
after operation. One of the 3 patients with esophagectomy 
and laryngectomy for carcinoma of the cervical esophagus 
died of metastases one year postoperative, and the other 
two died from unrelated causes two and one-half and 
three years after operation. Patient 2, with radiation fi- 
brosis secondary to treatment of carcinoma of the thyroid, 
died 7 months postoperatively from hemorrhage second- 
ary to tracheostomy for pulmonary aspiration related to 
pre-existing disease. 
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FERGUSON’S SURGERY 
OF THE AMBULATORY PATIENT 


Edited by Mark W. Wolcott, M.D. 


Here is the fifth edition of a clinically oriented volume 
providing a clear “how to do it" approach covering 
most of the simpler conditions of the skin, bones, 
joints, and bursa in a succinct, easy-to-follow style. 

For this revision the material on fracture and on soft 
tissue is consolidated, making reference to this infor- 
mation much easier. New chapters include 
Cryosurgery, and Shunts and Fistulas for 
Hemodialysis. Ambulatory Gynecology is a new sub- 
ject to this edition, and the chapter on Snake Bite and 


This work, a contribution of recognized authorities 
writing from their own surgical experience, is a classic 
blend of basic scientific knowledge and advanced 
surgical techniques. Chapters range from Hyperlipo- 
proteinaemia and Vascular Disease to Micro Vascular 
Surgery. 

Full attention is given to anatomy and physiology, 
etiology, pathology, signs and symptoms, laboratory 
tests and such sophisticated modalities as u/trasound 
flow detectors, angiography, phlebography, differen- 
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Insect Bites is totally rewritten and enlarged. 

This popular volume has served as a guide to the 

doctor in the subject of "minor surgery" for more than 

thirty years. 

Surgery, Gynecology and Obstetrics said of the previ- 

ous edition: "This book covers the field . . . admirably, 

and it is an invaluable work for every surgeon who 

treats patients in his office." 

954 pages / 408 illustrations / 5th Edition, 1974 
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tial diagnosis, treatment and prognosis. 

The authors provide critical assessment of long-term 
results of arterial reconstruction in various anatomical 
situations, based on their appreciation of current vas- 
cular surgery. 

"... a pleasure to read. It is of particular value to the 
surgeon interested in vascular disease, but it is also an 
excellent review book for all interested in newer trends 
in vascular surgery."—The Lancet. 

447 pages / 143 illustrations / 1973 / $21.00 
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CEA-ROCHE 
C arcinoembryonic Antigen ASSAY 


a valuable adjunct during the 
various phases of cancer management 


CEA-ROCHE has been the subject of numerous clinical 
studies over the past four years to assess its value in cancer 
management. Most investigators have found this assay to be 
a useful biological marker for following the clinical course 

of patients with many types of internal carcinoma? These T 
studies have reported CEA-ROCHE to be a valuable adjunct 
in the overall evaluation of the patient's clinical progress 
and prognosis by indicating... 

e lack of response to or escape from therapy 

* need for a change or reevaluation of therapy 

e development of metastases and/or local recurrence 


* the need for more intensive patient examination 
and observation since a rise in CEA titer has been reported 
to precede other evidence of recurrence by periods 
averaging 2 months and up to as much as 29 months? 


CEA-ROCHE may also be used... 


* as an adjunct to other diagnostic tests or procedures in the 
patient suspected of having cancer 


*Literature available upon request from Professional Services Department, Roche 
Laboratories, 340 Kingsland Street, Nutley, N.J. 07110. 





CEA-ROCHE 


Carcinoembryonic Antigen (584) 


Suggested Guidelines for the Use of CKA-ROCHE 
as an Aid in the Management of the Cancer Patient 


Type of Therapy When to order CEA-ROCHE Why order CEA-ROCHE 


During Periods of Active Therapy 


Surgery As part of the presurgical workup and To monitor the effects of surgery 
approximately 3 weeks after surgery 


Radiotherapy Prior to initiating radiotherapy, once To monitor the effects of radiation 
at midpoint and/or upon completion 
of radiation 


Chemotherapy Prior to initiating chemotherapy, once To monitor the effects of 
at midpoint if therapy extends over a chemotherapy 
6-week period and upon completion 
of chemotherapy 
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When using this assay remember CEA-ROCHE is... 

€ not specific for any one type of cancer 

e best used periodically to establish a trend, usually identifiable within 30 t 
90 davs 

e not an absolute test for malignancy and should not be used as the sole criteria 
for diagnosis (use with other diagnostic tests and procedures) 

e not recommended as a screen to detect cancer 


"These are general guidelines for the use of CEA-ROCHE only and may vary widely depending on 
such S ea as patient status, clinical symptoms, type of malignancy, results of other tests and 
procedures. 





When to use CEA-ROCHE as an aid 
in the postsurgical management 
of a cancer patient 


A simulation of a representative patient showing graphically 
when to perform CEA-ROCHE assays using the Suggested 
guidelines appearing on the reverse side. 


Management 
Phase: Periods of Short-term follow-up Long-term follow-up Active changes 
active therapy after HUE. in clinical condition* 


e Baseline 
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Response to 
therapy 


Prior Approx. Every 1-2 months Every 6-12 months Every 2 weeks until 
to surgery 3 weeks trend is established 
after surgery 


*This phase may occur during any one of the three other management phases. 


CEA-ROCHE may be ordered from Additional information may be obtained from 


e Roche Clinical Laboratories, Inc., Five Johnson Drive, ethe Roche Representative 
Raritan, New Jersey 08869 ethe Professional Services Department, 
(201) 526-2400 Roche Laboratories, 340 Kingsland Street, 
e Major hospital and private laboratories Nutley, New Jersey 07110 
(201) 235-4873 
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Femoral Neuropathy and Ischemic Colitis Associated 
With Amyloidosis in Hemodialysis Patients 


JACKSON A. BIGGERS, M.D., AUGUST R. REMMERS, JR., M.D., JAMES D. LINDLEY, M.D., 
DEAN S. FOLSE, PH.D., HARRY E. SARLES, M.D., JAY C. FISH, M.D. 


Renal failure is often the presenting problem with amyloidosis 
and it portends a generally poor prognosis. Two of 121 patients in 
a home dialysis program were found to have amyloidosis after 
they developed unusual complications, ischemic colitis and 
femoral neuropathy. Both ultimately died as a result of their 
disease. From the limited experience that is reported, it appears 
that renal transplantation offers a better alternative for long term 
therapy than hemodialysis. 


OTH primary and secondary amyloidosis often involves 

the kidney. It is estimated that from 30 to 50 % of 
these patients have chronic renal failure as their initial 
problem.’ The disease is systemic and multiorgan in- 
volvement is the rule. From the time of diagnosis, the 
predicted life span for patients with amyloidosis is less 
than two years.! 

There are no reports of the effects of long term 
hemodialysis in patients with amyloidosis. A recent 
summary from the Transplant Registry documents 21 
patients with amyloidosis who had received renal trans- 
plants. Eleven of these patients are alive with function- 
ing grafts; 5 are alive after more than 3 years. 

In this report, two of 121 patients accepted to a home 
dialysis program were later found to have amyloidosis. 
Both ultimately developed unusual complications, is- 
chemic colitis and femoral neuropathy, and died from 
amyloidosis. 


Case Reports 


Case 1. A 3l-year-old man began hemodialysis in November 1973, 
because of renal failure due to recurrent pyelonephritis. He was born 
with an exstrophy of the bladder which had been managed successively 
by bladder reconstruction, ureterosigmoidoscopies, cutaneous ureteros- 
tomies, and finally, a colonic conduit in 1961. He had numerous 
episodes of pyelonephritis due to urinary tract obstruction. 

Early in his dialysis training he was anticoagulated with warfarin 
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because of recurrent thromboses of his arteriovenous shunts. Four 
months after beginning hemodialysis he underwent an elective bilateral 
nephroureterectomy and excision of the colonic conduit. Amyloid was 
identified in the kidneys, ureters, and conduit. One month later he 
developed abdominal pain, bloody diarrhea, and fever. The rectal mu- 
cosa was normal by proctoscopic examination, but the right colon was 
diffusely distorted with the characteristic thumb printing" of ischemic 
colitis. The patient continued to bleed despite reversal of his anticoagu- 
lation. A right colectomy was performed 3 days after admission. At 
operation, the remainder of the bowel was grossly normal. The resected 
bowel was diffusely involved with submucosal hemorrhages (Fig. 1). 
Microscopically the bowel was infiltrated with amyloid and the arteries 
of the submucosa were narrowed by concentric deposits of amyloid. 

The patient had a prolonged course of intestinal ileus, recurrent 
bloody diarrhea, and fever. Intestinal function was never established. 
Colonoscopic examination revealed mucosal ulcerations in the left co- 
lon. Seven weeks later he had a massive colonic hemorrhage and was 
reoperated upon. The left colon was removed but the remaining small 
bowel was ischemic and did not appear to be viable. The patient died 
the next day. Post-mortem examination confirmed diffuse amyloidosis 
in all organs. 

Case 2. A 53-year-old woman began hemodialysis in March 1972, 
because of a renal failure due to biopsy-proven membranoproliferative 
glomerulonephritis. Because of recurrent thromboses of her ar- 
teriovenous shunts, she was anticoagulated with warfarin. In July 1973, 
she had an acute onset of pain in the right groin. Within 8 hours she 
developed a flaccid paralysis of the right quadriceps muscle and numb- 
ness of the anterior thigh. Anticoagulation was reversed and the diag- 
nosis of femoral neuropathy due to hemorrhage into the iliopsoas mus- 
cle was made. She was operated upon and the fascia of the iliopsoas 
muscle was incised and the hematoma evacuated. The patient recov- 
ered sensation and most of the motor function of the involved quad- 
riceps muscle. 

In March 1973, she was readmitted with identical symptoms of 
femoral neuropathy on the opposite (left) side. Again the hematoma was 
evacuated with dramatic improvement in femoral nerve function. On 
the second postoperative day, she had an episode similar to septic 
shock but without evidence of septicemia or a source of infection. Over 
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Fic. 1. Proximal half of resected right colon. Compare the normal 
mucosa at the top to the submucosal hemorrhages involving the rest of 
the bowel. 


the course of the next 4 weeks she had recurrent bouts of fever, 
hypotension, abdominal pain, melena, a pleural effusion, and progres- 
sive jaundice. On one occasion her serum amylase was 500 Somogyi 
units. She underwent an abdominal operation with the findings of pan- 
creatitis, a normal extrahepatic biliary tract and non-specific hepatitis 
by liver biopsy. During the following week, she became comatose and 
died from hepatic failure. Post-mortem examination showed amyloid 
infiltration of the liver, pancreas, spleen, heart, kidneys, thyroid, ad- 
renals and intestine. 


Discussion 


| Prior to acceptance to the dialysis program, patients 
suspected of having amyloidosis were screened by 
examination of a rectal biopsy. Candidates with coexis- 
tent amyloidosis were excluded from the home training 
program and placed in another type of facility. In retro- 
spect, the first patient should have had a rectal biopsy 
on the basis of chronic infection and heavy proteinuria. 
No other patient in this program is known to have 
amyloidosis. During the past 7 years, an additional 16 of 
the 121 patients have died. The causes of death were: 
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cardiovascular - 7, sepsis - 4, dialysis accidents - 2, and 3 
from miscellaneous causes. Autopsy data were available 
in all, and none were found to have amyloidosis. 

A total of 48 patients were anticoagulated with 
Coumadin for an average of two years each because of 
recurrent thromboses of their arteriovenous shunts. 
Again, none of the patients, other than the two described 
above, developed amyloidosis. Twenty of the patients on 
Coumadin developed hemorrhagic complications, but all 
survived except the two described above. Coumadin an- 
ticoagulation has since been discontinued as the route of 
vascular access was changed from the external shunts to 
the various types of internal arteriovenous fistulas. 

The lumen of blood vessels is narrowed by the amyloid 
infiltration. The vessels become quite brittle and they are 
easily fractured. Presumably this is the mechanism for 
the hemorrhagic episodes experienced in these two pa- 
tients. In each instance the bleeding was compounded by 
anticoagulation. The gastrointestinal bleeding in 
amyloidosis results from ulceration of the mucosa overly- 
ing an area of submucosal hemorrhage. While ischemic 
colitis is now a well known entity, only one prior report 
associating this complication with amyloidosis was 
found.” 

Femoral neuropathy from the compression of the 
nerve by hemorrhage into the iliopsoas muscle is a rare 
phenomenon,” and its occurrence on two occasions in 
the second patient, even though she was on anticoagu- 
lants, seems more than chance. The predisposition for 
fracturing blood vessels imposed by the amyloid in- 
volvement is a plausible explanation for the origin of 
these hemorrhages. 

It is estimated that as many as 6.7% of patients present- 
ing with end stage renal failure have amyloidosis.* Pa- 
tients such as the two described above who begin dialysis 
without identification of the underlying amyloidosis are 
likely to develop other manifestations of the disease 
which are not readily amenable to treatment. At present, 
transplantation appears to offer a much more viable al- 
ternative for controlling the devastating progression of 
amyloidosis. 
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Nitrogen Balance in Patients Receiving Either Fat 
or Carbohydrate For Total Intravenous Nutrition 


ALAN B. GAZZANIGA, M.D.,* ROBERT H. BARTLETT, M.D.,* JUDY B. SHOBE, R.N. 


Eighteen pre and/or postoperative patients underwent TIN using 
either fat or carbohydrate as a caloric substrate source for a 
similar period. Positive nitrogen balance was achieved with either 
solution for an equal number of days when balance studies were 
complete. Both groups demonstrated weight gain but it was more 
marked in the carbohydrate TIN group. One patient in the car- 
bohydrate TIN group was changed to Intralipid because of a 
catheter related complication. This patient continued to show 
positive nitrogen balance while on Intralipid. There were 4 deaths 
in the 18 patients unrelated to TIN. It is concluded that Intralipid, 
when given through a peripheral vein with a nitrogen source, can 
produce positive nitrogen balance and is a safe and effective 
means for doing this. 


qe INTRAVENOUS NUTRITION (TIN) for critically ill 
patients has become accepted and has been a life- 
saving treatment in many cases. We recently reported 
our retrospective study of patients receiving hypertonic 
carbohydrate as calories for TIN. Because the use of 
hypertonic carbohydrate and central venous catheters 
was associated with a significant number of complica- 
tions, we proposed a study in which alternate candidates 
for TIN were administered either intravenous fat through 
a peripheral vein or hypertonic carbohydrate through a 
central venous catheter. 
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Materials and Methods 


Between October 1972 and June 1973 18 (5 men, 13 
women) pre and/or postoperative patients, ages 24 to 73, 
required management with TIN. TIN was instituted in 
patients with intestinal fistula, ulcerative colitis, car- 
cinoma, pulmonary insufficiency, intestinal malabsorp- 
tion, chronic intestinal obstruction, and chronic pulmo- 
nary and heart diseases who were unable to sustain 
adequate enteral caloric intake and had a prolonged iil- 
ness which required nutritional support. Patients were 
alternately assigned to the fat or carbohydrate group. 

The 2596 carbohydrate solution used in this study con- 
tained 16.596 glucose and 8.396 fructose. This solution 
supplies 1,000 non-protein calories per liter, is very 
hypertonic, and must be administered through a central 
venous catheter. Silicone catheters were inserted with 
strict aseptic technique and were used only for TIN infu- 
sion. The entry site was cleaned daily with Betadine and 
covered with Betadine ointment and a sterile dressing. 
The entire infusion set was changed daily. Carbohydrate 
infusions were always given by IVAC* pump continu- 
ous infusion through a 0.22 my filter. Urine glucose was 





*IVAC Corporation, San Diego, California 
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measured every 6 hours, blood glucose daily, and serum 
electrolytes daily in patients receiving carbohydrate TIN. 


. The fat solution, Intralipid,* contained 10% tri- 

slyceride derived from soy bean oil with an emulsifier 
(1.2% egg yolk phospholipid) and 2.5% glycerol. 
sotonic solution was infused simultaneously with a 
equal volume of 5% Dextrose, 5% protein canon 
(Travamint) so the final conc centration was effectively 
596 triglyceride and 2.596 Dextrose which supplies 650 
non-pr otein calories/l. The Intralipid and Travamin solu- 
tions were given with separate IVAC pumps through a 
common intravenous line or through separate peripheral 
vein sites. 
| The protein source for both groups was 5% casein 
hydrolysate, administered with a final concentration of 
33.3 gm of casein hydrolysate per liter (approxima tely 
6. 85 gm nitrogen per liter). In some instances 8.5% amino 
acid (Freamine$) solution was substituted for the casein 
hydrolysate. The solutions were infused to achieve 
1,000-2,000 non-protein calories/M"/day. The Intralipid 
dose was never more than 4 gm/kg/24 hours. 
: Patients were weighed daily and 24-hour urine col- 
lected for total nitrogen which was determined by the 
Kjeldahl technique. Balance studies were done only dur- 
ing the period of intravenous nitrogen administration and 
discontinued when there was oral intake. Blood levels of 
triglyceride, electrolytes, glucose, hematocrit, pro- 
thrombin, and platelet counts were serially monitored. 
Fluid intake and output was measured daily. 














Results 


. Positive nitrogen balance was achieved with both car- 
bohydrate and fat as caloric source, open wounds and 
incisions healed well in both groups, and 14 patients 
survived. 

Patients in the carbohydrate group received 1,168 
calories/M?/24 hours (average) for 15.6 (6-35) days (aver- 
Ago The mean body surface area was 1.70 M? (1.22— 
2.28) and the amount of nitrogen given was 5-7 gm/M?/24 
hours. The mean weight gain in this group was 3.3 kg 
(Fig. 1). There was a total of 115 (115/156, 73%) days of 
accurate and complete nitrogen balance studies and there 
were 94 (94/115, 82%) days of positive nitrogen balance 
recorded. The average total fluid intake was 2,692 cc and 
urine output was 1,897 cc. 

. Patients in the Intralipid group received 979 calories 
/ME/24 hours for an average of 15.1 (4-38) days. The 
mean body surface area was 1.81M? (1.40-2.24) and the 
amount of nitrogen given was 5-7 gm/M?/24 hours. The 














Intralipid, (Manufactured by Vitrum Co., Stockholm, Sweden) 


generously supplied by the Cutter Laboratories, Berkeley, California. 


+Travenol Co., Morton Grove, Illinois 
$McGaw Laboratories, Glendale, California 
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MEAN DAYS and WEIGHT CHANGE 





FAT GLUCOSE 
iD: | 15.6 

WT. START WT. START 
67.2 58.1 


WT. COMPLETED 
68.| 61.4 


(20.9 (23.3 


Fic. 1. Weight change in patients receiving either fat or carbohydrate total 
intravenous nutrition. 
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mean weight gain in this group was 0.9 kg (Fig. 1). There 
was a total of 110 (110/151, 72%) days of accurate and 
complete balance studies and positive nitrogen balance 
was recorded in 98 (98/110, 89%) days. The average total 
fluid intake was 3,858 cc and urine output averaged 2,634 
‘at oF 
A total of 10 patients in each group received either 
hypertonic carbohydrate or Intralipid. The hypertonic 
solution was discontinued in one patient because of a 
catheter related septicemia and Intralipid was given 
through a peripheral vein. In a second patient Intralipid 
given postoperatively whereas hypertonic carbo- 
hydrate had been given preoperatively. Further use of 
a central venous catheter was thereby avoided since 
the patient had other septic complications. 


Four of the 18 patients studied died from causes unre- 
lated to TIN. No hyperosmotic coma syndromes occur- 
red. Three patients in the carbohydrate group developed 
catheter-related septicemia and one of these was changed 
to Intralipid. Three patients in the Intralipid group de- 
veloped superficial phlebitis. In one case the Travamin 
and Intralipid solutions were given through separate in- 
travenous sites and phlebitis developed in the arm where 
Travamin was being administered. No phlebitis occurred 
at sites where Intralipid alone was infused. There was no 
catheter related septicemia in the Intralipid group, nor 
were there any complications with hypertriglyceridemia. 
Triglyceride levels in most cases ranged between 200 and 
300 mg% and there was no evidence of coagulation dis- 
turbance or electrolyte imbalance. There was no un- 
explained anemia or fever. 


Fig. 2 shows the balance study of a 51-year-old man 
who underwent a Bilroth I anastomosis with subsequent 
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wound dehiscence and gastroduodenal fistula. The pa- 
tient initially received carbohydrate TIN for a total of 20 
days when he had a catheter related septicemia. The 
catheter was removed and Intralipid was administered 
through a peripheral vein. His course following the 
change from carbohydrate to fat with some additional 
glucose resulted in positive nitrogen balance without sig- 
nificant weight gain, healing of his dehiscence, and near 
closure of his fistula. He subsequently underwent serosal 
patch closure of the fistula and is well. 

Fig. 3 shows the course of a patient who received fat 
TIN for nearly 5 weeks. This patient had the Guillian- 
Barré syndrome as well as severe mitral stenosis which 
required an emergency valvuloplasty. Postoperatively, 
he developed pulmonary insufficiency and pneumonia 
which required prolonged ventilator support. He could 
not tolerate nutrition through a nasogastric tube because 
of chronic intestinal obstruction due to Crohn’s disease. 
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The patient was in positive nitrogen balance during the 
period of TIN and had a steady weight gain which was 
not associated with excessive positive fluid balance. De- 
spite receiving TIN for 5 weeks he died from Klebsiella 
pneumonia and post-mortem examination of histologic 
sections of his liver, lung, and cardiac tissue revealed 
Candida albicans. 


Discussion 


Although hypertonic glucose solutions have been given 
safely to large numbers of patients in training institutions 
where a real effort is made to standardize administration 
of the solutions, these results are not always achievable 
in smaller hospitals without house staff and trained nurs- 
ing personnel. +° Hypertonic carbohydrate TIN can be 
life-saving which justifies the significant rate of major 
complications. Our initial enthusiasm for carbohydrate 
TIN was somewhat dampened by the numbers of compli- 
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cations related to catheters and carbohydrate 
metabolism? and this stimulated us to look at other 
agents which might provide calories with fewer side ef- 
fects. 

: Intralipid has been used for TIN in Europe and Canada 
for 10 or more years, and despite its administration to 
thousands of patients there have been few reported 
complications.? The fat overloading syndrome and feb- 
rile responses seen with other fat emulsions have not 
been encountered with Intralipid.5*:2?* The effective- 
ness of TIN can be measured by survival and healing. 
nitrogen balance, weight gain, and calorie balance. Posi- 
tive nitrogen balance with glucose TIN was sporadically 
achieved prior to 1968? but Dudrick et al.’ proved the 
solutions practical and could consistently demonstrate 
positive nitrogen balance. Their work has been corrobo- 
rated by many others.!?:19:20 
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Fic. 3. Nitrogen balance ina 
patient receiving fat as his 
primary source of calories. 
Weight gain was gradualand 
positive nitrogen balance 
achieved. 





Although individual complications of carbohydrate 
TIN have been reported,®!° few authors have 
documented the complication rate for a consecutive 
series of patients. Septic complications have ranged from 
as low as 6% to a high of 27%." These complications can 
be minimized by scrupulous aseptic technique in prepara- 
tion of solutions and insertion and maintenance of 
catheters, filters, and intravenous equipment. We have 
found that hypertonic carbohydrate solutions must be 
given through silicone central venous catheters with the 
tip near or at the right atrial junction with the superior 
vena cava in order to prevent serious complications such 
as superior vena caval thrombosis or subclavian vein 
thrombosis. We have two cases of documented pulmo- 
nary emboli related to superior vena caval thrombosis in 
patients receiving carbohydrate TIN. We also have had a 
case of candida aortitis requiring aortic valve replace- 
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meat in a patient who was on long-term carbohydrate 
TIN. Beyond catheter problems is the frequent re- 
quirement for blood studies to monitor glucose as well as 
electrolytes. Urine samples must be tested for sugar to 
avoid serious glycosuria and the development of 
hyperosmotic coma. Patients receiving carbohydrates 
may require insulin because of overt or occult diabetes 
mellitus, insulin resistance, or the acquired diabetes mel- 
litus seen during prolonged illness or severe trauma. 
None of these problems with the use of hypertonic car- 
bohydrate in selected patients, however, outweigh the 
advantages. 

Weight gain is another parameter for comparing caloric 
substrates during periods of TIN. In this study patients 
who received hypertonic carbohydrate had a greater 
weight gain than those receiving Intralipid. More calories 
were administered to the carbohydrate group with less 
fluid intake and less positive water balance. Bernard and 
Stahl have pointed out that weight gain may be an unreli- 
able indicator of positive nitrogen balance and protein 
synthesis. Our data suggests that the greater weight gain 
in the carbohydrate group was due to infusion of calories 
in excess of actual requirement, which requires 
calorimetry for documentation. Caloric balance studies 
using indirect calorimetry are currently underway and 
nutritional management based on caloric consumption 
has proved extremely valuable in our experience.! 

Positive nitrogen balance has been recorded in a vari- 
ety of clinical conditions using intravenous fat as the 
primary source of calories ?55:72:117/15 Whether enough 
calories can be provided by intravenous fat as the sole 
source of calories in patients with large caloric demands 
has not been fully documented. Wilmore et al.'® recently 
reported positive nitrogen balance in burn patients where 
38% of the total calories were provided by Intralipid. 
There may be a theoretical or real limitation to the 
amount of fat which can be assimilated and used for 
calories during any given period of time.!* In this study 
the limitation of 4 gm/kg/24 hours of fat was arbitrary, 
and perhaps more fat than this can be safely tolerated. In 
most cases only 1-3 gms of fat/kg/24 hours was adminis- 
tered but this was enough to produce positive nitrogen 
balance and hypertriglyceridemia was not seen. 

Studies by Blackburn et al.* have indicated that posi- 
tive nitrogen balance can occur by giving nitrogen and 
allowing the patient to use his own endogenous calories. 
In those patients who need both calories and nitrogen, 
however, fat appears to have many advantages over car- 
bohydrates. We could not document any complications 
related to the fat solution. One patient (Case 1) who 
received Intralipid died and post-mortem examination 
showed some inclusion bodies in the Kupffer cells of the 
liver, not associated with abnormal liver function studies 
and did not contribute to his death. These inclusion 
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TABLE f. 
Intralipid 

Advantages Advantages 
|. Peripheral IV (rapid infusion |. | calce 

were tolerated) 
. Isotonic 
. Sterile, ready for infusion 

without mixing 
4. No metabolic complication 


. Readily available 
. Large calorie infusion 
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combined with nitrogen) 
2. Limited availability in USA 2. May require exogenous insulin 
3. Limited calorie infusion 3. Central venous catheter 


required 

4. Frequent urine and serum 
monitor of glucose 

5. Mixing with nitrogen solu- 
tions prior to administration 

6. Filter and pump required 
(rapid infusion may be lethal 
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coma 
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bodies have been described by Hallberg’* and their sig- 
nificance, if any, is not certain. Intralipid has marked 
advantages in ease of administration and eliminates the 
problem of frequent testing of urine and blood glucose. 
Proper positioning and adjustment of central venous 
catheters and extreme caution in aseptic techniques 
around the catheter when carbohydrate solutions are 
used all add up to time and effort by nurses and house- 
staff personnel. The difference between the solutions are 
shown in Table 1. 

Bacteriologic studies in our laboratory have shown 
that Intralipid inhibits the growth of staphylococcal and 
gram negative organisms much the same as other in- 
travenous solutions. However, Candida albicans does 
grow in the Intralipid solution and this may prove to be a 
problem if careful aseptic techniques are not used in ifs 
administration. 
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Successful Treatment of Hepatic Artery Aneurysm 
With Erosion into the Common Duct 


STEPHAN ARIYAN, M.D., C. ELTON CAHOW, M.D., FREDERICK L. GREENE, M.D., H. C. STANSEL, JR., M.D. 


A patient with an hepatic artery aneurysm is presented with 
preoperative angiographs, and intra-operative photographs de- 
monstrating erosion and fistulazation into the common duct. The 
aneurysm was ligated and excised, and the erosion of the 
common duct was treated successfully with a Roux-en-Y 
choledochoduodenostomy. This is the fourth case with erosion 
into the common duct to be treated successfully by surgery. The 
other three cases are discussed. A review of the literature reveals 
that hepatic artery aneurysms are rare, and successful treatment 
is based on several different techniques. Ligation of the hepatic 
artery, with or without excision of the aneurysm, is discussed as a 
method that may in fact be the safest treatment in a group of 
patients who because of their disease are already in a high risk 
category. 


NEURYSMS of the intra-abdominal arteries other than 

the aorta are uncommon, and although hepatic artery 
aneurysms are rare, fewer still have been treated success- 
fully. By 1966 Guida and Moore reported a total of 170 
cases of hepatic artery aneurysm in an excellent review 
of the world's literature.'? 

The diagnosis is usually made at autopsy. Less than 
half the cases reach surgery, and even then, the true 
diagnosis is often not made until post-mortem examina- 
tion. The diagnosis may be suggested by the triad of right 
upper quadrant pain, gastrointestinal hemorrhage, and 
jaundice—which was described as early as 1892.7 An- 
giographic diagnosis preoperatively is unusual, but may 
identify the lesion and the complex collateral blood sup- 
ply to the liver.” To date, only about 47 cases of hepatic 
artery aneurysm have been treated successfully. Only 35 
cases of hepatic artery aneurysm have been reported to 
communicate with the common duct, of which only three 
have survived. The fatal outcome of most cases prompts 
us to report this fourth survivor. 


Case Report 


A 69-year-old Caucasian man was admitted to the hospital at Wil- 
liamantic, Connecticut on 7/2374 with a five-day history of right upper 
quadrant (RUQ) pain unrelated to meals. He had a sudden onset of 


Submitted for publication April 17, 1975. 


From the Department of Surgery, Yale University Schoo! of 
Medicine, 333 Cedar Street, New Haven, Connecticut 06510 





stabbing RUQ pain associated with nausea and vomiting on the day of 
admission. There had been a history of passage of large amounts of 
grey-colored stools and dark urine for several days. On admission he 
was jaundiced and his liver function tests were: bilirubin 18.2 mg% total 
and 7.8 mg% direct, alkaline phosphatase 520 international units (1.0.7. 
SGOT 70 units (u.). 

A liver-spleen scan showed the presence of a mass in the porta 
hepatis. Upper GI series, small bowel follow-through, and barium 
enema were negative. The presumptive diagnosis of carcinoma of the 
head of the pancreas was made and an exploratory laparotomy was 
done on 7/29/74. During surgery. a pulsating mass was found in the 
region of the hepatoduodenal ligament. The mass was presumed to be 
an aneurysm of the hepatic artery. The abdomen was closed and the 
patient was transferred to the Yale-New Haven Medical Center the 
following day. 

On admission to the YNHMC, the patient was in moderate distress. 
complaining of RUQ pain. There were no palpable abdominal masses. 
he was deeply jaundiced, and his liver function tests were: bilirubin 17.3 
mg% total and 11.0 mg% direct, alkaline phosphatase 132 iu.. SGOT 
152 u., LDH 720 u., Amylase 250 (N «less than 150), lipase 2.6 
(N = less than 1.5). 

The patient had selective celiac and superior mesenteric arteriograms 
which demonstrated an aneurysm of the right hepatic artery with collat- 
eral blood supply developed from the gastroduodenal artery (Fig. D. On 
8/5/74 he passed black tarry stools and his hematocrit dropped to 30% 
from an admission hematocrit of 36%. He was transfused, and on 8/6/74 
he underwent surgical exploration which demonstrated a 3-6 cm 
aneurysm of the right hepatic artery. This aneurysm was ligated, the sac 
was opened, and an erosion into the common duct was identified. The 
common duct wall about the erosion was very ragged and quite rigid, It 
would not have been possible to close the defect without obstructing the 
flow of bile through the duct, and the rigidity of the surrounding struc- 
tures prevented sufficient freedom of the duodenum to perform a 
choledochoduodenostomy. Therefore, the defect in the duct was de- 
brided and enlarged, and a side-to-side Roux-en-Y choledochojejunos- 
tomy was performed (Fig. 2). 

He had an uncomplicated postoperative course. The liver function 
tests continued to improve and on discharge on 9/4/74 were: bilirubin 
2.4 mg% total and 1.2 mg% direct, alkaline phosphatase 64 Lu., SGOT 
65 u., LDH 540 u. He has been followed for two months at the time of 
this writing and he is totally asymptomatic and gaining weight. His liver 
function tests at two months were completely normal. 


169 


























































































































mu 














170 





Fic. 1. Preoperative Celiac Arteriograms. (Upper Left) Catheter injec- 
tion in the celiac artery fills the common hepatic artery, which gives 
branches to the bifurcating left hepatic artery. The aneurysm can be 
seen to fill from the gastroduodenal artery. (Upper Right) Collateral 
vessels can be seen to originate from the gastroduodenal artery and 
communicate with the distal right hepatic artery. (Lower Left) The 
aneurysm can be seen to fill out as a sac. The distal right hepatic artery 
is thrombosed with refilling by collaterals from the gastroduodenal 
artery of the intrahepatic branches. (Lower Right) During the late 
phase, dye can be seen to remain in the aneurysm sac after clearing of 
the arterial tree. 


Discussion 


Two-thirds of hepatic artery aneurysms are located in 
the common hepatic artery, almost a third in the right 
hepatic artery, and an occasional one in the left hepatic 
branch." Four cases have been reported in the gas- 
troduodenal artery." It appears that our patient had an 
aneurysm of the right hepatic artery arising from the 
gastroduodenal, with collateral blood flow to the right 
hepatic artery distal to the aneurysm (Fig. 1). 

The first successful surgical treatment for this condi- 
tion Is credited to Kehr, who ligated the aneurysm in the 
common hepatic artery in 1903.!'* Since then, additional 


methods have been employed (Table I).2575:10.11.13.18.23,24 


TABLE 1. Techniques Employed in Successful Treatment of Hepatic 
Artery Aneurysm. 


Ligation 17 


Excision—without anastomosis 13" 
—with end-to-end anastomosis | 

—with spleno-hepatic anastomosis 2 

—with prosthetic graft 2 
Endoaneurysmorrhaphy 6 
Wrapping 3 
Wiring 2 
Hepatic lobectomy l 
Suture of Aneurysm to Liver l 
48 


*[ncludes present case report. 
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Fic. 2. Repair of Present 
Case. A Roux-en-Y 
choledochojejunostomy 
was constructed and su- 
tured to the walls at the 
bed of the aneurysm over a 
T-tube drain. 





The selection of any one method basically depends on the 
findings at the time of surgery. However, there is still no 
agreement on ligation of the aneurysm. If the aneurysm is 
located in the common hepatic artery proximal to the 
gastroduodenal branch, it can be safely ligated, for the 
arterial supply to the liver is furnished through the gas- 
troduodenal via the inferior pancreaticoduodenal branch 
of the superior mesenteric artery. In our case, this route 
of blood supply was identified prior to surgery and liga- 
tion was determined safe. 

However, many authors believe that ligation of the 
aneurysm distal to the gastroduodenal artery carries with 
it a high risk of liver ischemia.?:!!* [n defense of ligation 
of the hepatic artery, one must quote the comprehensive 
reviews of Michels who described 26 collateral arterial 
supplies to the liver, and found the classical arterial sup- 
ply in only half of 200 autopsy cases." In addition to 
these larger collateral channels, it has recently been de- 
monstrated that smaller collaterals at the liver hilum may 
also be very important. Redman and Router have shown 
such collaterals in 16 patients in whom the main channels 
were occluded for a variety of reasons, including 5 cases 
with accidental and purposeful hepatic artery ligation.” 

Following the accidental ligation of an hepatic artery, 
Graham and Cannell reviewed the literature in 1933 and 
found that although there was 50% mortality, in only 6/28 
cases could a cause-and-effect be shown.” This was dur- 
ing an era prior to adequate anesthesia and antibiotics. 
Brittain, et al., reported their experience with 5 acciden- 
tal ligations and transections of the hepatic artery or its 
branches, and in 4 cases all the liver enzymes returned to 
normal in 5-15 days.* The fifth patient died from a dis- 
rupted Roux-en-Y anastomosis, and at autopsy both 
sides of the liver were normal. They further reviewed the 
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Fic. 3a to c. Repair of Three Previously Reported Cases. (a) A “‘point’’ 
communication with the common duct was treated with a T-tube drain 
alone. 


literature since the 1933 report of Graham and Cannell, 
and found an additional 15 cases, with only 6 deaths. 
Some of these deaths were associated with hypotension 
and no antibiotics. They concluded that collaterals de- 
velop from the phrenic, intercostal, lumbar, and renal 
arteries. Furthermore, since the blood supply is initially 
dependent on the portal vein, fever, anoxia, and shock 
should be avoided by antibiotics, oxygen, and fluid ex- 
pansion. 

Since Breedis and Young showed conclusively that the 
blood supply to primary or metastatic tumors of the liver 
are entirely arterial? ligation of the hepatic artery has 
now been employed by several groups for the treatment 
of metastatic tumors of the liver. Nilsson and his as- 
sociates demonstrated that hepatic de-arterialization re- 
duces the blood flow through the tumor tissue to almost 
zero, while flow through the normal liver tissue is only 
slightly reduced.® These patients also served as the basis 
for studies of enzymes and coagulation factors following 
ligation, with only relatively small and transient distur- 
bances.! In fact, they stressed the difficulty in totally 
de-arterializing the liver, citing early re-arterialization via 
collaterals. Additional reports from England and the 
United States have shown that de-arterialization can be tol- 
erated without high risk.!??! 

One can therefore accept that ligation of the hepatic 
artery can be tolerated, and under certain circumstances 
may be the safest way to handle an aneurysm of the 
hepatic artery. In fact, Ryan reported a case of hepatic 
artery aneurysm which hemorrhaged during surgery and 
had to be ligated both proximal and distal to the gas- 
troduodenal artery, without any complications.?? 


HEPATIC ARTERY ANEURYSM 
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FiG. 3b. The right hepatic artery was ligated, and the involved segment 
of common duct was resected. The gall bladder was removed, and 
continuity of the common duct was established by anastomosis of the 
proximal common duct to the dilated cystic duct, suturing the distal 
common duct lumen. 


There have been 35 cases of hepatic artery aneurysms 
previously reported with erosion and bleeding into the 
common duct. The majority of these have been found at 
autopsy. Only three cases have previously been treated 
successfully. The first case !" was a 52-year-old woman 
who was explored after pain and gastrointestinal hemor- 
rhage persisted following a gastrectomy which had been 
performed for the same symptoms. The aneurysm of the 
common hepatic artery was ligated proximally and distal- 
ly, and the *'point"' of perforation into the common duct 
was enlarged and drained with a T-tube. A cholecystos- 
tomy tube was placed as well (Fig. 3a). The second case" 
was a false aneurysm in a 33-year-old man which was 
found on exploration for gastrointestinal hemorrhage 
three months following a gunshot wound. The false 
aneurysm and hemobilia had resulted from partial tears 
of the adjacent walls of the right hepatic artery and the 
common duct. The right hepatic artery was ligated, and 
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FiG. 3c. Common duct was 
drained by a choledocho- 
duodenostomy over a 
straight catheter drain. 
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the aneurysm, the gallbladder, and the involved segment 
of the common duct were resected. Continuity of the 
biliary system was established with an end-to-end anas- 
tomosis of the common duct and the dilated cystic duct, 
over a T-tube drain (Fig. 3b). And the third case!’ was 
also a false aneurysm in a 67-year-old woman, which 
resulted from a resection and end-to-end anastomosis of 
the common duct 5 months earlier for a ‘‘papillary cyst- 
adenoma of the pancreas.’’ A 1.5 cm longitudinal tear 
was found in the common hepatic artery, and the vessel 
had to be suture-ligated to control the hemorrhage. The 
common duct was repaired by a choledochoduodenos- 
tomy over a I4F catheter drain (Fig. 3c). | 

The triad of pain, gastrointestinal hemorrhage, and 
obstructive jaundice are the cardinal findings. The pain is 
usually located in the right upper quadrant and is proba- 
bly a result of the distention of the common duct due to 
the bleeding and clot formation in it. The jaundice may 
result from the common duct obstruction caused by the 
location of blood clots in the duct, or by compression 
of the duct by the aneurysm proximal to the communica- 


tion between the two. This too may account for the pain. ~ 


In fact, the liver was observed to enlarge during the 
hospitalization in one of the previous cases.? In the 


present report, the bed of the aneurysm was found to be 


continuous with the wall of the common duct. The com- 
pression of the duct could well have explained the inter- 
mittent nature of the pain and jaundice observed. The 
gastrointestinal hemorrhage was undoubtedly due to 
hemobilia since no other source of intestinal bleeding was 
found. 
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The occurrence of deaf-mutism and goiter unassociated with cre- 
tinism or mental retardation in euthyroid patients is known as 


; Pendred’s Syndrome. It is considered due to a single mutant 


recessive gene responsible for both the goiter and deafness. The 
penetrance is high, the intenseness of expressivity may vary 
within the same family and only one generation is affected. The 
extremely atypical hyperplasia seen in such goiters has been con- 
sidered malignant. In 1956 the author reported a family in which 
4 of 6 siblings demonstrated Pendred's Syndrome. Three of the 4 
had undergone thyroidectomy, two were considered to have car- 
cinoma. Nineteen years later the family is again reported. The 
fourth sibling has recently undergone thyroidectomy. This 
thyroid demonstrated the same atypical hyperplasia as seen in the 
elder two siblings. The 19 year followup of this family has shown 
no evidence of recurrence or metastases, indicating that the atypi- 
cal hyperplasia is probably not malignant. Pendred's Syndrome is 
described and certain suggestions are made for the counseling of 
the parents and the treatment and counseling of those children so 
. afflicted. 


URING THE YEAR 1956 we had the opportunity to 
study a North American family in which 4 of 6 sibl- 
ings demonstrated deaf mutism and goiter unassociated 
with cretinism or mental retardation. This family was 
reported in 1957 
Three of the 4 children had undergone thyroidectomy 
and the pathology seen in these glands was reported. 
Although the changes were recognized as very similar to 
those reported in the glands of endemic goitrous cretins, 
carcinoma was considered to be present in the glands of 
the two older children and the prognosis was in doubt. 
Recently thyroidectomy was performed for the youngest 
child, now 21 years old. At this time the family history 
was reviewed. This 19 year follow-up of these children 
and a review of this syndrome, now known as Pendred's 
Syndrome, is the reason for this report. 
At the time of the report in 1957 the three eldest chil- 
dren were euthyroid, of normal intelligence and de- 
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velopment but deaf mutes with a goiter. Thyroidectomy 
had been performed for each. The fourth and fifth chil- 
dren were normal. The sixth child, M., then aged four. 
was a deaf mute with a slight enlargement of the thyroid 
gland. The mother has had no further pregnancies. 


Present Status of the Family 


T. the eldest, a deaf mute whose goiter was considered carcinomat- 
ous, is married to a wife with a hearing defect. Her one sister is deaf and 
married to a deaf mute. T. and wife to date have 4 children, without 
hearing defects or goiter at ages of 6, 5, 4 and 2 years. T. takes 180 mg. 
of thyroid a day and has no recurrence or evidence of metastasis from 
his previously diagnosed carcinoma of the thyroid. This unique 19 vear 
followup may confirm the impression that the diagnosis of carcinoma 
was incorrect. He is regularly employed and supports the family. 

Th. and her husband, who has a severe hearing defect, have to date 
three children, aged 14, 13 and 5 years. all of whom have normal hearing 
and no goiter. Her goiter, considered malignant at operation, recurred 
when she stopped taking thyroid but promptly remitted when thyroid 
replacement was resumed. This second and unique 19 year followup 
may confirm the impression that the diagnosis of carcinoma was incor- 
rect. 

J. and P., normal young ladies now aged 33 and 23 years. are pre- 
sently unmarried. 

K. is married: her husband has normal hearing. The expressivity of 
the Syndrome is less in K. in that she can use a telephone with a hearing 
aid and speaks quite well. The pathology described in her goiter was 
that of marked hyperplasia similar to Graves Disease although she was 
euthyroid. She remains on 180 mg of thyroid per day without evidence 
of recurrence of her goiter. She has two normal children. 7 and 4 years 
of age. 

M., now 21 years of age. was seen again in March 1974 because of a 
large adenomatous goiter. His hearing is poor with a hearing aid but this 
is masked by lip reading. He speaks quite well. Subsequent to the report 
of 1957, when aged 4 years. he was placed on oral thyroid. The goiter 
described at that time disappeared. Unfortunately it is not known 
exactly when it recurred. By the age of 15 it was well established and 
because of its size was a source of annoyance by 20 vears of age. When 
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Fic. 1. Mi.: Atypical hyperplasia contrasted with relatively normal 
thyroid gland (H&E x 43). 


seen in March 1974 he requested thyroidectomy. The history of thyroid 
medication was unreliable only during the last two years as he had been 
away from home while at college. Clinically Mi. was euthyroid but no 
special studies could be done. The ''I uptake was normal as were 
routine laboratory studies. On June 24, 1974 a sub-total thyroidectomy 
was done for a very large adenomatous gland. He was again placed on 
180 mg. taken orally. Six months later there is no recurrence of the 
goiter; his voice and hearing defect are the same. 

The pathologist reported changes identical with those found in the 
thyroid of the eldest child, T. Mi. prognosis is considered excellent. 


The Syndrome 


The association of congenital deaf mutism and goiter in 
children who are euthyroid and of normal intelligence has 
been studied by geneticists and otologists and also occa- 
sionally reported by surgeons. In 1965 Fraser,’ in a de- 
tailed Monograph, suggested the eponym of Pendred’s 
Syndrome based on a brief clinical note by Vaughn Pen- 
dred? published in 1896. A review of the literature now 
allows a more detailed description of this syndrome. 
Also, parents whose first born is a Pendred have a right 
to very specific counseling. It is estimated that 4-10% of 
those with congenital deafness suffer from Pendred's 
Syndrome. 

This syndrome is considered due to a single mutant 
recessive gene responsible for both the goiter and deaf- 
ness. Its autosomal mechanism gives an equal incidence 
in both sexes, unusual in thyroid disease. The penetrance 
is unusually high, 4 of 6 children in this family, but the 
intenseness of expressivity may vary within the same 
family. Only one generation is affected. The deaf marry 
within the deaf community. Extensive pedigree study by 
Fraser shows that if a Pendred marries a Pendred, the 
offspring, if born alive, have little chance of being nor- 
mal. However a Pendred having a recessive gene may 
marry a mate with a hearing defect and expect normal 
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offspring. In this family reported in the second generation 
there are to date 9 normal children from three matings. 

The perceptive hearing loss is considered to be present 
at birth although if unexpected it is frequently not recog- 
nized for several years. It is due to a bilateral malforma- 
tion of the cochlea of the Mondini type. As the patients 
are euthyroid there is no relation to hypothyroidism, 
therefore once the deafness is recognized no treatment 
will change it. In 1973 Deo? reported a series of experi- 
ments in mice that could be of clinical importance. 
Female mice fed propylthiouracil produced deaf offspr- 
ing. However if these offspring, expected to be born 
deaf, were fed thyroxine starting at day one of life, no 
hearing defect occurred. Also, if thyroxine was fed to the 
females with the propylthiouracil, the offspring had nor- 
mal hearing. Any practical application of this research 
must await the situation when the second or third child, 
in a family whose first child was a Pendred, can be given 
thyroid from the day of birth. Because of the high penetr- 
ance of this syndrome this opportunity should not be 
missed, although the medication plan is based solely on 
mice experimentation. 

The thyroid defect has been shown to be a partial 
defect in iodine organification leading to the under pro- 
duction of thyroxine. This can be shown by the perchlo- 
rate discharge test. Some authors feel that a positive 
perchlorate test is necessary for the diagnosis of Pen- 
dred’s Syndrome, others have reported a considerable var- 
lation in this test? The levels of the thyroid stimulating 
hormone are elevated. The goiter is not usually recog- 
nized clinically until puberty when it presents as a colloid 
enlargement progressing to a nodular goiter. Thyroid 
medication is recommended with the implication that the 
goiter will be controlled or may actually disappear. There 





FiG. 2. Mi.: Hyperplastic thyroid gland suggesting thyroid carcinoma 
(H&E x 43). 
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FiG. 3. Mi.: Marked anaplasia suggesting thyroid carcinoma (H&E x 
267). 


seems to be no documented proof that the goiter will not 
appear at puberty and will not persist despite thyroid 
medication. In the family here reported the goiter of the 
youngest when 4 years old disappeared under thyroid 
medication but reappeared at puberty despite thyroid 
replacement. 


In the past, thyroidectomy has been done because of 
the presence of the goiter and because of local 
symptoms. Prompt recurrence was the rule and fre- 
quently the diagnosis of carcinoma led to further radical 
surgery. Such was the experience reported by Elman.’ 
Two of four siblings undergoing thyroidectomy had 
changes in the thyroid sufficient for the diagnosis of 
adenocarcinoma. 


Smith,’ in reviewing the pathology of the thyroid tissue 
removed at operation for patients with this syndrome, 
has listed the previously reported cases of malignancy. 
One of the 14 cases of his series was considered to have 
carcinoma as originally diagnosed by the pathologist and 
also when again reviewed by the same pathologist. 

The original report of this family indicated that the 
goiter of the two eldest children was malignant. However 
this unique 19 year followup of the two cases and the 
work of Batsakis! probably show that these changes are 
not malignant and are truly the same as those found in 
some sporadic goitrous cretins. At the present time there 
Is no indication for radical surgery and no justification for 
repeated operations as thyroid medication will control 
recurrences. X-ray therapy has no place in the treatment 
of the goiter of Pendred's Syndrome. 

The pathology suggesting the diagnosis of carcinoma is 
illustrated in the Figs. shown. Figs. 1, 2 and 3 are from 
the recently removed thyroid gland of M. These changes 
are those of an extremely atypical hyperplasia due to the 
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Fic. 4. T.: Marked hyperplasia contrasted with more normal thyroid 
gland (H&E x 43). 


proliferation of anaplastic cells with hyper-chromatic 
nuclei and loss of follicular structure. The histological 
and cytological changes would usually be sufficient for 
the diagnosis of carcinoma except for the preoperative 
diagnosis of Pendred's Syndrome. Figs. 4 and 5 are from 
the gland of T., the eldest whose surgery was done in 
1956 and previously reported in 1957. There is marked 
hyperplasia, in some areas in a medullary pattern and in 
others a glandular hyperplasia. This same varied 
hyperplasia was seen in the thyroid of Th. However the 
thyroid of K. showed in some areas an orderly 
hyperplasia similar to that seen in Grave's Disease. It is 
very important that the diagnosis of Pendred's Syndrome 
be established before operation as the uninformed 





Fic. 5. T.: Marked hyperplasia of small cells simulating small cell 
carcinoma (H&E x 267). 
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pathologist could return the diagnosis of carcinoma espe- 
cially if a frozen section is requested. 


Discussion 


Pendred’s Syndrome, considered present in 4-10% of 
children with a congenital hearing defect must be well 
understood by pediatricians and surgeons. The hearing 
defect will not be improved by medication or surgery. 
The goiter usually first appearing at puberty, when the 
incidence of carcinoma is high, in children, must be cor- 
rectly evaluated by the surgeon before operation so that 
unnecessary radical surgery will not be done. The child 
must be placed on total thyroid replacement to prevent 
the inevitable recurrence of the goiter. 

Counseling is available for the parents whose first child 
has Pendred’s Syndrome. Because of the high penetrance 
of this Syndrome subsequent children should be started 
on thyroid replacement at the first day of life. Young 
adults with Pendred’s Syndrome, although they marry 
into the deaf community, may be reassured that they 
have an excellent chance of producing normal children. 
However a patient with Pendred’s Syndrome should be 
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warned against marriage with another person having this 
syndrome. 
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A NEW EXPERIENCE IN CONTINUING EDUCATION 
This review of hyperfibrinolytic bleeding is both conceptual and 
practical. The complete unit encompasses the concepts involved in 
hypertibrinolytic bleeding, an experience in clinical problem solving, 
and a recommended course of therapy. 

This program in continuing medical education meets the criteria 
for 2 hours of credit in category 5a for the Physicians Recognition 
Award of the American Medical Association. 


STUDY METHODOLOGY 
Analysis. Mr. O. has four-plus enlargement of the prostate. His 
specific medical history is given, as well as the general background 
of his condition. You will be asked to choose the appropriate tests — 
and based on the results — proceed to step two. 

ourgical Decision. Which shall it be? Transurethral resection? 
ouprapubic prostatectomy? Perineal? Retropubic? Choose by 
marking the decision box. The latent image color reactor will tell you 
if you were right or wrong. 


POSTOPERATIVE BLEEDING AND TREATMENT 

Prostate bed is irrigated. All is well until the second postop day. 
Patient has begun to hemorrhage. Now the simulation presents you 
with almost a dozen different approaches for control of it. You must 
choose. The tests. The chemotherapy. 











Hee Mal today 


Please have my Lederle representative bring 
CLINICAL SIMULATIONS IN THE MANAGEMENT 
OF HYPERFIBRINOLYTIC BLEEDING. 


C/o L. Carrafiello 
150 White Plains Road 
Tarrytown, N.Y. 10591 


NAME 








ADDRESS 











E 
| 
| 
| 
| Mail to: Lederle Laboratories, 
| 
| 
| 
| 
| 
| 
| 
| 
| 





AMINOCAPROIC ACID 


INTRAVENOUS * TABLETS * SYRUP 


INDICATIONS: AMICAR has proved useful, in many instances, in the treatment of exces- 
sive bleeding which results from systemic hyperfibrinolysis and urinary fibrinolysis. In life- 
threatening situations, fresh whole blood transfusions. fibrinogen infusions, and other 
emergency measures may be required 

Systemic hyperfibrinolysis, a pathological condition, may frequently be associated with 
surgical complications following heart surgery (with or without cardiac bypass procedures) 
and portacaval shunt; hematological disorders such as aplastic anemia, abruptio placen- 
tae, hepatic cirrhosis, neoplastic disease such as carcinoma of the prostate, lung, stomach, 
and cervix. 

Urinary fibrinolysis, usually a normal physiological phenomenon, may frequently be 
associated with life-threatening complications following severe trauma, anoxia, and shock. 
Symptomatic of such complications is surgical hematuria (following prostatectomy and 
nephrectomy) or non-surgical hematuria (accompanying polycystic or neoplastic diseases 
of the UH system). 

CONTRAINDICATIONS: AMICAR should not be used when there is evidence of an active 
intravascular clotting process. 

WARNINGS: Safe use of AMICAR has not been established with respect to adverse effects 
upon fetal development. Therefore, it should not be used in women of child-bearing poten- 
tial and particularly d early pregnancy, unless in the judgment of the physician the 
potential benefits outweigh the possible hazards. 

PRECAUTIONS: AMICAR aminocaproic acid has a very specific action in that it inhibits 
both plasminogen activator substances and, to a lesser degree, plasmin activity. The drug 
should NOT be administered without a definite diagnosis, and/or laboratory findings in- 
dicative of hyperfibrinolysis (hyperplasminemia).' 

*Stefanini, M. and Dameshek, W.: The Hemorrhagic Disorders, Ed. 2. New York, Grune 
and Stratton, pp. 510-514, 1962. 

The use of AMICAR should be accompanied by tests designed to determine the amount 
of fibrinolysis present. There are presently available (a) general tests, such as those for 
the determination of the lysis of a clot of blood or plasma and (b) more specific tests for 
the study of various phases of fibrinolytic mechanisms. These latter tests include both 
semiquantitative and quantitative technics for the determination of profibrinolysin. fibri- 
nolysin, and antifibrinolysin. 
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CEA-ROCHE 
C AT CIHOCHIDT YONIC Antigen (SSA) 


a valuable adjunct during the 
various phases of cancer management 


CEA-ROCHE has been the subject of numerous clinical 
studies over the past four years to assess its value in cancer 
management. Most investigators have found this assay to be 
a useful biological marker for following the clinical course 
of patients with many types of internal carcinoma” Ihese 
studies have reported CEA-ROCHE to be a valuable adjunct 
in the overall evaluation of the patient's clinical progress 
and prognosis by indicating... 

* lack of response to or escape from therapy 

* need for a change or reevaluation of therapy 

* development of metastases and/or local recurrence 


* the need for more intensive patient examination 

and observation since a rise in CEA titer has been reported 
to precede other evidence of recurrence by periods 
averaging 2 months and up to as much as 29 months? 


CEA-ROCHE may also be used... 
* as an adjunct to other diagnostic tests or procedures in the 
patient suspected of having cancer 


*Literature available upon request from Professional Services Department, Roche 
Laboratories, 340 Kingsland Street, Nutley, N.J. 07110. 
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RUSSE 

T] 
| Type of Therapy When to order CEA-ROCHE Why order CEA-ROCHE 
| During Periods of Active Therapy 
| Surgery As part of the presurgical workup and To monitor the effects of surgery 
| approximately 3 weeks after surgery 
| Radiotherapy Prior to initiating radiotherapy, once To monitor the effects of radiation 
| at midpoint and/or upon completion 
| of radiation 
| Chemotherapy Prior to initiating chemotherapy, once To monitor the effects of 
| at midpoint if therapy extends over a chemotherapy 
l 6-week period and upon completion 

X | of chemotherapy 
| During Short-term Follow-up After 
| Therapy 
| All types Every 1 to 2 months during the first To provide a basis for the 
| 6 months following therapy reevaluation of therapy and/or an 
| early indication of recurrence or 
| progression of disease 
During Long-term Follow-up 
| All types Every 6 to 12 months To provide an early indication of 
| recurrence or progression of disease 
ed 

| During Active Change in Clinical 
| Condition 
| All types Every two weeks until trend is To aid in determining the probable 
| established presence of metastases or local 
| recurrence 
| 
| 
| 
| *These are general guidelines for the use of CEA-ROCHE only and may vary widely depending on 
| such factors as patient status, clinical symptoms, type of malignancy, results of other tests and 
| procedures. 
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IB IS WITH IMMENSE GRATITUDE that I stand here today 
as President of this great organization. I am fully cogni- 
zant of the honor you accorded me at last year's meet- 
ing, and have tried to be aware of the responsibility 
and obligation which accompanies it. In preparing to 
address you, I, like most who have faced this duty, 
reviewed a number of previous Presidential addresses, 

and found them to be delightful and informative reading, 
^ but I believe I should have been somewhat like the stu- 
dent to whom the professor of engineering assigned the 
problem of designing a new device, advising him to ig- 
nore most published information concerning it, lest he be 
overly influenced by what had been written previously, 
because the subject of my comments today has been 
influenced by some of those before me, as well as by the 
current tenor of the national environment for health mat- 
ters. During the last decade, and especially the last five 
or six years, the majority of addresses have adhered to a 
generally basic theme, each serving more or less as a 
sequel to the one before, and it is my intention to add yet 
another chapter. Owen Wangensteen regards this ad- 
dress as ‘‘an annual lectureship on the status, outlook 
and vistas of surgery,” and while I shall not be so com- 
prehensive, I do wish to focus on a number of problems 
currently facing the profession. If my comments do not 
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seem to include our Canadian membership, it is only 
because they have experienced at least some of the pos- 
sible transitions I shall discuss. 

One has only to observe the progression and com- 
plexities of government-medicine interrelationships, in- 
cluding Medicare, Medicaid, HR1, PSRO, and a host of 
other regulatory legislation exacted during recent years, 
to project the future course of medicine and surgery in 
the United States. One of the most imminent additions to 
these is some form of national health insurance. The 
great impetus for this legislation comes from the assump- 
tion by most citizens that health care is a right, and the 
recognition that some type of financial assistance i$ 
needed to provide it to the great mass of people not 
already included under one of the existing programs. 
Last summer, there were before the Congress no less 
than 12 bills supporting some type of a national health 
plan. The total estimated cost ranged from $103.6 billion 
to $116 billion a year, or more than 12% of the Gross 
National Product. Just as important, however, was the 
proposed source of funds to support comprehensive 
health care in each bill. These sources ranged from a high 
of more than 90% public funds in one bill to approxi- 
mately 62% private funds in another, as developed in an 
comparison of the eight most prominent bills by the De- 
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partment of Health, Education and Welfare in response 
to a request from the Congress. Therefore, even the bill 
with the greatest orientation toward the private sector 
depended heavily upon public—primarily federal—funds 
for financing. It was only because of problems related to 
funding of a last-ditch compromise bill that a national 
health program was not enacted by the last Congress. 

In his Inaugural Address, President Ford declared that 
a suitable health care plan assumed top priority in his 
administration. However, in his State of the Union mes- 
sage early this year, he announced that, except in the 
energy fields, he would veto all new spending programs, 
including National Health Insurance. Thus, it appears 
that there may be a moratorium on a national health plan 
for another year, and it is hoped that the medical profes- 
sion can use this time to mobilize its forces to advise and 
consult more effectively for legislation which will provide 
financial assistance to the many uninsured citizens, while 
exerting the least regulatory limitations on the profes- 
sion. 

It is of the utmost importance that responsible or- 
ganized medicine seize this opportunity. The generally 
high quality of health-care currently delivered must be 
maintained, but freedom to render it must also remain. 
The assumption that a federally-regulated program will 
not only assure quality and quantity, but also control 
cost, is unfounded. In 1948, it was estimated that Bri- 
tain's National Health Service would cost $400 million in 
the year 1974. The facts are, however, that it cost $7.2 
billion in 1974, was in dire financial straits, and needed 
$1.1 billion to give it fiscal stability, according to the 
British Medical Association. This is only one example of 
the lack of cost-efficiency in a system administered to- 
tally by bureaucracy. 

The United States is one of the last of the developed 
countries in which professional freedom for medical 
practice prevails in spite of erosion by already im- 
plemented government health care programs. Thus far, 
many of these programs are administered through the 
private sector. Currently, however, new bills have been 
introduced into the Congress to provide comprehensive 
care and, in each, a federal agency of some type would be 
established for jurisdiction over its implementation. This 
jurisdiction would include such regulatory measures as 
control of expenditures, the establishment of national 
health benefit patterns, the setting of standards of par- 
ticipation, and the development of policy guidelines. In 
other words, these prerogatives would be removed from 
the private sector. It is my belief, and that of many 
others, that while we may accept the reality that we will 
have a national health insurance system, every effort 
should be made to encompass as much of it as possible in 
the private sector in order to preserve many of the desir- 
able features of medical practice which we now have. 
William Anlyan has suggested that it should be a 
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private-public system, combining the advantages of a 
market economy through private insurance, with sofne 
subsidy from the government to underwrite the needed 
programs for the indigent, the medically indigent, and for 
catastrophic illness. For, as Harold Laski noted, ‘‘Most 
Americans have a deep sense of discomfort when they 
are asked to support the State. They tend to feel that 
what is done by government institution is bound to be 
less well done than if it were undertaken by individuals, 
whether alone or in the form of a private corporation." 

The variety and profusion of individual programs al- 
ready established—some of which were short-lived, such 
as HSMHA—each with individual requirements for fund- 
ing, eligibility and administration, are illustrative of the 
response by government to a health need. They conform 
to what John Gardner has called ‘‘the vending machine 
concept of social change. Put a coin in the machine and 
out comes a piece of candy. If there is a social problem, 
pass a law and out comes a solution.” 

senator Ribicoff has put it just as aptly, "Because we 
rely so heavily on a programmatic approach— passing a 
program when we discover a problem or a part of the 
problem—and rely so little on a comprehensive manner, 
our efforts are often marked by confusion, frustration 
and delay." However, pressures exerted upon the legis- 
lative and executive branches of government by large 
population segments during the past two decades have 
assured a response in the form of comprehensive health- 
care legislation. The hope that it will come in an orderly, 
logical manner, conceived to provide high-quality care 
with minimal displacement of the practitioner, is ques- 
tionable when one examines many of the programs al- 
ready enacted and when one considers the experience in 
other countries. Only in April of 1974, 25 years after its 
initiation, did major reorganization and restructuring of 
the British National Health service occur in an effort to 
make it more effective. The chief aims were to introduce 
tighter management controls, to contain cost and in- 
crease efficiency, as well as improve the quality of pa- 
tient care in areas neglected by main-stream medicine. 
These measures imply that rigid control is necessary to 
implement properly a totally nationalized medical plan. It 
can only be hoped that our political leaders will take 
some lessons from the 25-year British experience in 
comprehensive health-care, for the institution of a similar 
system would have an impact, both immediate and far- 
reaching, on the practitioner, the consumer, and on 
teaching and research, greater than any other event in the 
history of medicine in the United States during 
peacetime. I prefer to believe it unlikely that a program 
totally controlled and financed from Washington would 
be thrust upon us. Representative Ullman, the new 
chairman of the House Ways and Means Committee, 
states that he believes a plan will evolve to mandate 
coverage by private health insurance companies and es- 
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tablish health care corporations centered in hospitals as 
the fócal point of the system. As regards national health 
insurance completely financed by taxes without private 
contributions, he said recently, *"There is no way the 


4, economy could take this, and no way such a program 
could be managed efficiently from Washington." How- 


ever, there is currently a liberal majority in the Congress 
and certain powerful, persuasive members have long at- 
tempted passage of bills for virtually total nationaliza- 
tion. 

The present economic crisis has caused the introduc- 
tion of bills which would provide temporary emergency 
health insurance for the unemployed. All of the bills 
introduced, however, contain admitted inequalities and 
inequities. For instance, none of them would cover the 
working poor or the unemployed whose compensation 
had expired, and the same health benefits would apply to 
all regardless of how much or what type of coverage they 
had previously had. Congressional committee members 
as well as witnesses testifying before the committees 


|. pointed out that there would not be the necessity for this 
^ kind of legislation if a comprehensive program had al- 


ready been passed. They believe it imperative, therefore, 
that the Congress pass a comprehensive bill as quickly as 
possible, because several years will be required for any 
national health insurance program to become fully opera- 
tive. It is this environment of pressure under which na- 
tional health insurance legislation finds itself today. The 
feeling that something must be done and done quickly 
could have Gardner's ''vending machine” effect, giving 
rise to the belief that if a national health insurance bill is 
passed, any bill, the nation's health problems would be 
solved. Mr. Rostenkowksy, Chairman of the Ways and 
Means Health Subcommittee which has the responsibil- 
ity for writing a comprehensive bill, has given assurances 


that one will be forthcoming by the end of the summer, 


but that a temporary bill for the unemployed should not 
be taken as a precedent for a comprehensive National 
Health Plan. He further states that the fact that we must 
do something about the immediate problem of un- 
employment health insurance illustrates clearly the need 
to fashion a sound, workable plan of comprehensive na- 
tional health insurance for the long run. This latter state- 
ment is reassuring. 

Another problem represents the most immediate and 
devastating crisis upon us, the problem of professional 
liability. Malpractice claims, while nothing new, have 
increased both in number and magnitude to catastrophic 
proportions; the result has been that the cost of insurance 
premiums has risen geometrically throughout the country 
and in some specialties become virtually unaffordable. 
Even more alarming, the number of carriers has de- 


. creased and those remaining do not desire such business, 
B so that some states or parts of states have been left or 
| soon will be left without any coverage at all. Today 
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malpractice insurance is a basic requirement for the 
physician and one would hardly think of clinical practice 
without it. 

Recently the President of the American Medical As- 
sociation testified before the House Ways and Means 
Subcommittee on Health that physicians cannot practice 
medicine unless they have adequate insurance coverage, 
and injured patients cannot be compensated unless 
adequate funds are available. Insurance, therefore, must 
be available at reasonable premium costs in order for 
care to be delivered. Of equal importance, a workable 
system must be devised for the prompt and equitable 
resolution of personal injury claims resulting from medi- 
cal treatment. Laws must be enacted, also, to control the 
level of payments to the plaintiff. Excessively large 
judgments, which are becoming more and more frequent, 
rather than compensating the patient objectively for his 
injury, reflect the sympathy and compassion of the court. 

The contingency fee creates another inequity in many 
cases. While the legal profession registers a disclaimer, 
this method of setting the legal fee undoubtedly encour- 
ages many unworth claims which otherwise would not be 
considered and frequently, especially in the case of very 
large judgments, provides payment to the attorney out of 
all proportion to his background and skill, and the time 
and effort expended. In 1973, the Federal Commisson on 
Medical Malpractice reported that it cost an average of 
$22,000 to bring a case through the courts. The attorney's 
argue, therefore, that without the contingency fee many 
patients with valid claims could not afford necessary 
legal fees for litigation and could not have any chance of 
being compensated. It has also been shown that the pa- 
tient receives only about 16 to 24 cents of each premium 
dollar, and these fiscal inequities, along with the cost of 
insurance for hospitals, the total of which amounts to 
more than $1.5 billion per year, have become significant 
factors in the continuing rise in the cost of medical care. 

In addition to withdrawing coverage and increasing 
premium costs astronomically, insurance companies are 
changing from the traditional occurrence policies which 
insured physicians against claims filed at any time in the 
future as a result of incidents which happened during the 
policy period. They are substituting claims-made policies 
providing coverage only for those suits filed during each 
12-month period the policy is in effect. Therefore, the 
physician who leaves one area of the country for another 
where he is covered by a different carrier, would be faced 
with the problem of carrying two policies at once, and the 
retired physician would be required to extend his policy 
for several years after he ceases to practice or until the 
statute of limitations on his last patient expires. 

The solution to the malpractice problem is indeed 
complex. Our primary task as surgeons and physicians is 
to reduce the number of preventable injuries; that is, 
elevate the quality of medical care. However, considera- 
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tion should be given to revising the contingency fee prin- 
ciple, placing a ceiling on the dollar amount of judgments, 
eliminating collateral source benefits and payments for 
pain and suffering, revising the statute of limitations, 
maintaining occurrence-type policies or initiating afford- 
able no-fault insurance, and possibly introducing binding 
arbitration, among many other approaches. The Secre- 
tary of HEW has steadfastly maintained that the solution 
of this problem should be left to the individual states and 
this appears desirable indeed when one considers the 
restrictions placed on physicians in the bills now under 
consideration by the Congress. Also, none of these bills 
would cope effectively with such intangibles as increas- 
ing claims consciousness among patients, larger awards, 
poor quality health-care delivery and the over- 
aggressiveness of claims attorneys. 

However complex the solution, though, steps must be 
taken to rectify this malignant process. The recently 
passed laws in Idaho and Indiana are milestones indeed 
in this direction. That it can be controlled and the patient 
appropriately compensated is evidenced by the situation 
in Canada. Here, premiums are low and the patient is 
compensated more in keeping with the magnitude and the 
reasonable worth of the personal injury incurred. 

A third issue is a bill to control medical manpower, 
which was introduced into Congress this year by Con- 
gressman Paul Rogers, and is now being considered along 
with several others. This proposed legislation has many 
facets as regards both medical education and manpower 
distribution. It extends the National Health Service 
Corps and provides capitation support for medical 
schools. In addition, however, it fixes the number of 
first-year residency positions at a level of 155% of the 
estimated number of graduates from U.S. medical 
schools, with reduction by steps to 125% over a period of 
three years. It is aimed, among other objectives, at limit- 
ing the number of foreign medical graduates. This bill 
would appear also to fix ultimately the number of spe- 
cialty residency programs and, eventually, the number of 
residency programs within each specialty. If this were 
done on a regional basis it is entirely possible that a 
relatively small area with a high population density and a 
large number of excellent programs might be required to 
eliminate some of them, whereas another region with 
fewer programs, many of poorer quality, might not be 
compelled to discontinue any. 

Another goal, of creating more first-contact physician 
residencies, is apparently already being met. In 1974, 
there was a 66% increase over 1973 in the number of 
family practice residency programs, and the figures show 
a continued upward trend in spite of the fact that the 
number of residency positions in the area of primary care 
has already reached a figure between 40 and 50%. Vigor- 
ous congressional testimony from several organizations 
has tempered the stringency of the bill in a number of 
areas, enabling it more nearly to fulfill actual needs. 
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Nor is the health-care industry immune from restric- 
tive legislation by the individual states. This year im my 
own state of Virginia, a bill was introduced into the 
General Assembly which would allow each senator the 
prerogative of designating two students for the entering 
Class of the two state medical schools. Fortunately, it 
was roundly defeated in committee before reaching the 
floor. One senator commented later that he had calcu- 
lated the number of votes he would have lost if 50 pre- 
medical students requested admission and he could admit 
only two. The families, relatives, friends and sympathetic 
acquaintances of the other 48 might constitute a block of 
votes large enough to prevent his re-election. He was 
therefore very much against the bill. 

A host of other health legislation is being introduced 
into or considered by Congress at the present time. I 
have discussed briefly three areas of concern, which I 
believe include some of the most important health issues. 
The outcome of this and other legislation will have a 
tremendous influence on the practice of medicine in the 
immediate and long-range future. Since next year is an 
election year and since health issues make popular polit- 
ical footballs during those times, it is of the greatest 
importance that we continue, and in fact increase, the 
vigorous efforts now being made. Equally so, organized 
medicine must have, insofar as possible, a unified voice 
or spokesman. This may be impossible, however, in view 
of the paradoxical philosophical heterogeneity of this 
profession with a generally homogeneous educational 
background. 

It is doubtful that the. average practitioner prior to 
World War II ever considered or cared whether or not his 
profession had a spokesman, for there was little need for 
one. At the turn of the century, specialization had just 
begun and the Flexner Report was in the immediate fu- 
ture. Concerns lay primarily in developing the science 
and art of medicine, higher quality medical schools and 
better health-care facilities. The government and 
medicine had only loose liaisons. Regulation was applied 
chiefly to the use of narcotics and the U.S. Public Health 
Service was the primary medical arm of government. The 
Veterans Administration rendered care to a large seg- 
ment of the population, which became even larger after 
World War II, and through Public Law 293, many of its 
hospitals became closely affiliated with adjacent medical 
schools. The establishment of the National Institutes of 
Health in the late 1940s with its peer review systems and 
direct access to Congress for its fiscal and other needs, 
seemed to most a great step forward, although some 
believed it was a step toward government control of 
medicine, and refused to accept NIH grants. The NIH 
seemed a never-ending, ever-increasing cornucopia to 
support basic and applied research, certain types of med- 
ical care, and medical education. The Hill-Burton Act 
likewise provided untold amounts of money for hospital 
construction. The creation of the Department of Health, 
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Education and Welfare during the Eisenhower adminis- 
tration commanded a broader base and larger budget. 
Research productivity and clinical application never be- 
fore equalled in such a short period in medical history 
evolved. Categorical programs, such as that for heart, 
stroke and cancer, were created and there seemed to be 
no end to the possibilities for elucidating more and more 
of what Lewis Thomas has described as “true science.’ 

And yet, in the early 1960s, the bubble was beginning 
to burst. Rumblings of physician shortage, unavailability 
and poor physician access could be heard from many 
public sources. The media in virtually every form re- 
sponded to demean the physician and the entire health 
industry as inadequate, inefficient, extravagant and, in- 
deed, even chaotic. The implication or direct statement 
was frequently made that the majority of U.S. citizens 
received poor medical care. Scarcely a week passed that 
inflammatory, often inaccurate, articles did not appear in 
lay publications. On television, so-called documentary 
programs appeared not infrequently and at least one 
blunty warned its audience not to get sick in America. 

In his book entitled ‘‘The Case for American 
Medicine," Harry Schwartz refers to this media blitz as 
rhetorical overkill” and describes it as ‘‘reminiscent of 
the simplistic anti-Soviet and anti-Chinese propaganda of 
the worst cold war days.” In a very objective manner, he 
proceeds further to demonstrate that ^^ health-care crises, 
or health crises in terms the propagandists usually pre- 
sent the matter, do not exist." He focuses, moreover, on 
the many positive features of American medicine not 
mentioned by the critics. 

This brief outline, step-by-step, of the progression of 
government-medicine interrelationships and the negative 
propagandizement of the media, serves to emphasize that 
never before has the need been so paramount as it is 
today for a unified voice, in order for American medicine 
to make itself heard during these critical times. If we 
were asked who speaks for the medical profession, 1 
doubt that there would be unanimity on any one organi- 
zation or individual. I believe it is fair to assume that the 
lay public looks to the American Medical Association as 
the voice of organized medicine in the United States, but 
it is equally true that the AMA does not serve as such for 
the entire profession, for there are other strong, vocal 
organizations in positions to take a stand. These include 
the large organizations such as the Association of Ameri- 
can Medical Colleges, the American Hospital Associa- 
tion, the American College of Surgeons, and the Ameri- 
can College of Physicians, plus small, broadly represen- 
tative committees such as the Coordinating Council on 
Medical Education, the Council of Medical Specialty 
Societies, The American Board of Medical Specialties, 
and a host of others. 

The AAMC, an old organization initially constituted 
primarily of deans, until a few years ago was relatively 
inactive and involved chiefly, with mundane problems. 
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Ignited by the Coggeshall Report in 1965, aided by the 
AMA’s less than effective involvement with Medicare 
and Medicaid, and expertly led by a small group of skill- 


greatest influence in shaping health policy in the United 
States during recent years. Oriented toward educational 
issues, its shadow nevertheless touches many other areas 
in the broad health-care field. But, in spite of its power 
and influence, it is little known outside the academic 
circle of the profession and can hardly be described as 
broadly representative. 

The American College of Surgeons, a large organiza- 
tion, embraces as members nearly two-thirds of the qual- 
ified surgeons in the United States and virtually every 
one in the ASA. For many reasons electing not to be- 
come an official lobbying organization, it nevertheless 
serves as an effective voice for surgery. 

At what level do, or should, the American Surgical 
Association and similar specialty organizations function 
as spokesmen? The ASA has always been an organiza- 
tion of limited membership achieved through recognized 
contributions to surgery. Its leadership role has under- 
gone self-examination from time to time, and until an 
exhaustive assessment in 1938 by a distinguished com- 
mittee appointed by Dr. Evarts Graham, considered itself 
an honor society only. This committee recommended 
that it be a working organization as well as an honor 
society, and, about this time, although not as a result of 
this committee's report, from the Association was born 
the American Board of Surgery. The next major under- 
taking, however, did not occur until more than 30 years 
later, when the Committee on Issues was appointed, 
spawning SOSSUS. 

While the ASA comprises one of the most outstanding 
groups of surgeons in the United States and Canada and, 
indeed, the world, it is not constituted in its present form 
to undertake major projects on its own. It has no perma- 
nent staff or officers, with the exception of the Secretary, 
Treasurer and Recorder, who serve for five-year terms. 
It has a budget which barely covers its minimal operating 
expenses, and no permanent headquarters. It meets as a 
whole only once a year, and the Council only twice. 

The ASA undertook the SOSSUS study by joining with 
the American College of Surgeons and other organiza- 
tions, and the joint executive committee so formed set up 
permanent headquarters, acquired staff and served as an 
agent to procure funds. Even so, multiple yearly assess- 
ments of the membership were required. 

Since our last meeting, the Association has acquired 
501C6 Internal Revenue Status, which allows active 
political involvement. In his presidential address last 
year, Dr. Scott recommended reactivation of the Com- 
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mittee on Issues and the establishment of a Committee on 
Government. Both have been accomplished, the former 
under the chairmanship of Dr. Francis D. Moore and the 
latter under Dr. William P. Longmire, and these commit- 
tees will report to the Association this year. The Associa- 
tion is in a position, theoretically at least, to serve as an 
active lobbying organization and to request the opportun- 
ity to testify before congressional committees. In order to 
function in this capacity to a significantly effective de- 
gree, however, an office and probably minimal staffing 
would be desirable, and this would require more funding 
than I believe the Association may be willing to provide 
through the dues or assessment mechanism. For in- 
stance, a single meeting of one of the two recently estab- 
lished committees could cost in the thousands of dollars, 
and this would strain the treasury. With the newly 
formed 501-C3 Foundation, it is possible that members 
might procure donations from individuals or agencies to 
support these functions, but it is unlikely that this would 
be done on a continuing basis. It seems to me that a wiser 
and more effective course for this Association as well as 
for other, similar specialty organizations with limited 
membership, might be that of operating in a consulting 
capacity with their committees serving as groups of par- 
ticular expertise, or ‘‘think-tanks.”’ for input into a small 
group of appropriate organizations, who could then pre- 
sent a consensus, although on occasion the Association 
may wish to act directly. A council or consortium, possi- 
bly composed of the chief executive officers or represen- 
tatives of these selected organizations, would thus be 
formed, which would provide unified representation. 
For, while the image of the medical profession is still 
relatively favorable in the eyes of the public, as indicated 
from a number of sources, it is not generally considered 
in the same light before the various branches of the 
government, and one major reason is that we speak 
through many channels oftimes presenting conflicting 
views. As I stated earlier, it may be virtually impossible 
to achieve even a near consensus, but this should in no 
way dampen our efforts. 

I feel fortunate to have been a part of this profession 
during what I consider a golden age for the medical 
practitioner. There are admitted deficiences during this 
period which should be corrected insofar as possible. 
Attempts to rectify these inadequacies and inequities are 
being made by the profession as well as through some of 
the legislation under consideration. It falls on the shoul- 
ders of the profession to assume a truly aggressive lead- 
ership role and to resolve our major health problems 
before this is done by others in what might be an unpalat- 
able manner. I believe that the profession has rallied toa 
great degree, especially during the past five years or so, 


in an effort to accomplish this, but it may well be too little 
and too late. 
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In a recent article, Dr. Charles Edwards, who served 
five years in top government health positions, the last 
two as Assistant Secretary of HEW for Health, states 
forcefully that the highest health office within the gov- 
ernment today has inadequate authority. He further indi- 
cates that certain management logic within the Depart- 
ment of HEW began to deteriorate with the enactment of 
Medicare and Medicaid, so that toward the end of the 
sixties most of the health system was being administered 
by welfare and social security agencies rather than by 
health offices. 

In addition, although the authority to do so exists on 
paper, the highest health office has very limited ability to 
influence Medicare and Medicaid policies. If this alloca- 
tion of authority persists and the trend continues, the 
administration of a national health insurance plan, in 
either the public or the private sector, could be greatly 
jeopardized. 

Dr. Edwards believes that a Department of Health 
must be established within the Executive Branch, headed 
by an individual with cabinet status, and this seems logi- 
cal when one considers the magnitude of the health in- 
dustry from the monetary, manpower and other 
standpoints. On the other hand, I would point out that 
there has been a certain lack of stability in the executive 
branch during recent years. He also argues that the 
pluralistic health-care system as we know it today in the 
United States is headed toward its own self-destruction 
by default, because of our failure to accept leadership 
responsibility in several important areas, including the 
allocation of health resources, cost control and utilization 
of health services, and the lack of quality control. Many 
in the profession share this view. He further asserts that 
the federal government is not now, nor will it ever be, 
capable of managing the American health-care industry, 
and he states pessimistically, and I quote, "Unless the 
industry demonstrates that it is its own best manager and 
that the American people are better served by private- 
public partnership in health, that partnership, such as it 
is, will be dissolved in favor of public ownership, and the 
health industry like the railroads will have had a glorious 
past with no future.” 

I hope that this is not and will never be the case, and it 
is our challenge to prevent its occurring. For the last 215 
years of American history, longitudinal stability has re- 
sided consistently in the private sector and it is here that 
our hope for the future lies. We must therefore assume 
the leadership of our health-care system and speak with a 
forceful, unified voice in the arena of public debate to 
make the greatest impact possible. Otherwise, we may 
well fall to a system which few if any of us would deem 
desirable. If some of my comments seem overly altruistic 
and impossible to effect, one point stands clear and that 
is that only united can we stand. 
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A method of burn treatment (immunosuppression and temporary 
skin transplantation) for patients suffering from massive third 
degree burns is evaluated. The method is based on the prompt 
excision of all dead tissue (burn eschar) and immediate closure of 
the wound by skin grafts. Total wound closure is achieved before 
bacterial infection or organ failure takes place by carrying out all 
initial excision and grafting procedures within the first ten days 
post burn and supplementing the limited amount of autograft 
with allograft. Continuous wound closure is maintained for up to 
50 days through immunosuppression. Both azathioprine and 
ATG have been used but ATG is preferred. During the period of 
immunosuppression, allograft is stepwise excised and replaced 
with autograft as autograft donor sites regenerate for recropping. 
Bacterial complications are minimized by housing the patient in 
the protected environment of the Bacteria Controlled Nursing 
Unit. Intensive protein and calorie alimentation are provided, and 
0.5% aqueous AgNO, dressings are used. A swinging febrile illness 
has been associated with large areas of allograft rejection. Kleven 
children have been treated and seven have been returned to 
normal, productive schooling. 


HERE HAS BEENastriking improvement inthe treatment 

of life-threatening burns over the past ten years. This 
improvement began with the introduction of silver nit- 
rate?! and sulfamylon.? which produced remarkable con- 
trol of burn wound sepsis. This trend has continued as 
other topical agents and new methods of burn care based 
on improved physiologic knowledge have evolved. Ex- 
perience over these ten years has expanded the under- 
standing of the nature of burn injury and its evolution as a 
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pathophysiologic process. This information has added 
greatly to the accuracy of clinical care. Through this 
experience one point now stands out in much bolder 
relief. That is, mortality, although related to total area of 
burn injury, is much more closely tied to the extent of full 
thickness (third degree) destruction of skin. Further, the 
actual cause of death is not related to the biologic effect 
of thermally killed skin but to the metabolic and bacterial 
consequences of a large, open wound. At this time it is 
not possible to offset these consequences completely. for 
the effectiveness of medical life support for patients with 
extensive loss of skin is limited to a matter of weeks. 
Therefore, in the case of a massive thermal burn, if re- 
covery of skin function through healing of partial thick- 
ness injury and/or wound closure through skin graft does 
not take place within this time the patient dies because of 
a complex sequence of metabolic and bacteriologic ab- 
normalities. 

In practical terms this means that patients can survive 
partial thickness destruction of the skin of the entire body 
as long as the physiologic function of skin is restored by 
healing in a reasonable time. However, following third 
degree burns, survival depends on closing the wound via 
skin grafts so that recovery depends on the size of the 
area of skin destroyed and the amount of skin graft avail- 
able to cover the area destroyed (Table 1). It follows. 
then, that an extensive, full thickness burn continues to 
be a lethal injury, not because of the burn itself but 
because the extent of normal skin available for donor 
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sites is insufficient to provide skin graft closure in a 
period short enough to prevent death from malnutrition 
and sepsis. Any improvement, therefore, in the rate of 
survival of patients who have sustained extensive third 
degree burns must rest on a method of clinical burn care 
which provides prompt wound closure. The system of 
clinical burn care described as prompt eschar excision 
and immediate wound closure’ fulfills the criteria of 
early restoration of skin function for small or medium 
sized, full thickness burns but does not increase the rate 
of survival for patients with massive skin destruction 
because total wound closure is delayed due to the paucity 
of donor site area. 

This report describes an attempt to develop a system of 
care for burn patients who have massive third degree 
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burns (total burn area 80% Body Surface Area (BSA) or 
greater with a third degree burn component of 70% BSA 
or greater) that fulfills the requirements for prompt es- 
char excision followed by immediate wound closure. 


Selection of Patients and Method of Treatment 


The massively burned patients recorded in this report 
were admitted to the Shriners Burns Institute in Boston. 
Their total burn injury covered 80% or more of the body 
surface, and the area of full thickness destruction of skin 
covered 70% or more of the body surface, according to 
the treatment plan accepted by the Committee on Human 
Studies. Eleven patients between the ages of 2 and 11 
years, who fulfilled these criteria for massive, full thick- 
ness burn injury, were admitted during the period March 
1972-January 1974 and were treated with immunosup- 
pression and temporary skin transplantation. These pa- 
tients are described in Table 2. 

All patients were treated in the protective environment 
provided by the Bacteria Controlled Nursing Unit.*? This 
controlled environment provided the patients with a con- 
tinuous, piston-like downflow of bacteria free air at 90 F 
and 94% relative humidity and protected against energy 
loss as heat or evaporation, as well as airborne cross 
infection. The patient was protected against contact cross 
infection by clear plastic access walls and by a system of 
medical care delivery where the nursing and medical 
personnel did not directly enter the protected environ- 
ment of the units. The patient was not removed from the 
protective environment except for trips to the operating 
room. Auto infection of the burn wound from the pa- 
tiens own respiratory or G.I. tract was reduced by 
meticulous aseptic wound precautions and the use of 
0.5% aqueous silver nitrate dressings to the burn eschar 
until excised, donor sites, and newly grafted areas of the 
extremities. Careful bacteriologic monitoring was carried 


TABLE 2. Overall Description of Patients Treated with Immunosuppression and Temporary Skin Transplantation 


Immuno- 
Patient Total BSA 3° BSA suppressive 
Number Age Burn Burn Agent 


Interval 
between burn Days to 
Skin & Admission Pulmonary wound 
Donor Shrine Burns Burn closure Result 


Institute 
2 days 99 school 


i 24 9] 80 A M 0 
2 4 85 70 A F 3 days 0 30+ x 
3 8 84 7] A M 2 days P 384 X 
4 TA 91 74 A F 0 days + 97 school 
5 7 81 72 A M | day 0 102 school 
6 y 92 90 Atg Cad 0 days E 15+ X 
7 6 88 8] Atg F 0 days 0 75 school 
8 11 81 76 Atg M 0 days 0 60 school 
9 3 91 88 Atg M 0 days + 54+ X 
10 7 85 80 Atg E 0 days 0 70 school 
i] 7 95 25 Atg Cad | day 0 69 school 









Atg = Antithymocyte Globulin F = Father 
Cad = Cadaver M = Mother 
A = Azathioprine + = Patient died 
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Patient 1 


Total Burn 91% BSA 
80% 3° 


Patient 2 
Total Burn 85% BSA 
70% 3" 


Patient 3 
Total Burn 84% BSA 
713 3" 





Patient 4 
Total Burn 91% BSA 
74% 3° 


Patient 5 
Total Burn 81% BSA 
72% 3° 


Patient 6 


Total Burn 92% BSA 
90% 3° 





Patient 7 
Total Burn 88% BSA 
81% 3° 


Patient 8 
Total Burn 81% BSA 
75% 3° 


Patient 9 
Total Burn 92% BSA 
88% 3° 


Patient 10 
Total Burn 85% BSA 
85% 3° 


Patient 11 
Total Burn 85% BSA 
75% 3° 


2 => = 





out routinely on all patients three times weekly, and as change and on clinical indication. All patients were 
required according to the clinical situation. The monitor- housed in the protective environment of the Bacteria 
ing consisted of culturing the respiratory tract, urinary Controlled Nursing Unit until open areas had been re- 
tract, and stool, as well as multiple sites on the burn duced to less than 5% of the body surface. 

wound. Blood cultures were taken at every I.V. catheter The plan of prompt excision and wound closure con- 


x 
TABLE 3. Distribution of 
burn and area of excision 
and allograft wound 
closure. 
w- 
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sisted of a number of separate surgical procedures carried 
out every second or third day, beginning as soon as 
possible after injury, usually on the second or third day 
post burn, until all eschar had been excised except that 
on hands, face, and neck (Table 3). The first procedure 
always consisted of harvesting all available donor sites 
and excising a comparable area (usually on the leg) and 
immediately closing the excised area with autografts. The 
subsequent procedures consisted of excision of eschar 
and closure with transplanted skin (Table 3). Early exci- 
sion in the 11 patients reported was not carried out on the 
hands, neck, or face. Areas of full thickness burn in these 
anatomic positions were allowed to separate spontane- 
ously and were grafted secondarily. Grafted areas of the 
trunk were left exposed without dressings. Skeletal trac- 
tion was used for immobilization of freshly grafted areas 
of both upper and lower extremities, and grafted areas on 
the extremities were treated both open and closed. Steri- 
strips were used extensively although sutures, especially 
at the edge of a grafted area, were also used. Unexcised, 
eschar, donor sites, and open areas, as well as some 
grafted areas, were treated with 0.5% aqueous AgNO,. 

Oral feedings were supplemented by intravenous 
alimentation in all patients and all but one patient re- 
ceived intravenous hyperalimentation at some time dur- 
ing their acute illness. Because of the extent of the 
burned area, it was necessary to place intravenous lines 
through burn eschar or areas of excision and graft in all 
patients. Intravenous access sites of preference were the 
neck and subclavicular area but the inguinal region was 
occasionally used. Intravenous line sites were rotated 
every fifth day and changed immediately if there was 
evidence of bacteremia. 


Penicillin was begun immediately after admission to 
patients without allergic history and continued for three 
days. No further antibiotic therapy was given unless 
there was documented evidence of bacterial invasion, 
usually established by a positive blood culture. An ap- 
propriate course of antibiotic therapy, established by 
bacterial sensitivities, was then given for 7-10 days, and 
then omitted. 


The level of serum albumin was maintained at 4 gm % 
or above with appropriate transfusions of fresh frozen 
plasma, and the hematocrit was maintained at 3592 or 
above with transfusions of fresh frozen red cells.!9 
Platelet transfusions were provided as required. 

The patient and available family members were tissue 
typed immediately after admission using autologous lym- 
phocytes.'^?* The most compatible family member was 
selected as donor; and, following a careful explanation ot 
the treatment plan, its risks and possible benefits, the 
donor was admitted to the hospital and worked up as a 
potential skin donor. Only family members over the age 
of 2] years were considered appropriate. If a suitable 
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related donor was not available or insufficient donor skin 
was harvested from a related donor, cadaver allografts 
were used. 

In the first five patients, oral azathioprine, 5-6 mg/kg of 
body weight, was given on the day before transplanta- 
tion; and 3 mg/kg daily for 3 days, followed by 1.5 mg/kg 
daily thereafter. Azathioprine was omitted on days when 
the white cell count fell below 3,500. In the remaining six 
patients, immunosuppression was carried out using an- 
tithymocyte globulin (ATG).* In these patients the de- 
gree of immunosuppression being obtained was moni- 
tored by enumerating thymus-dependent lymphocytes in 
the peripheral blood prior to therapy and three times 
weekly thereafter. This was accomplished by the sheep 
red blood cell rosetting technique of Wortis27 

Twenty-four hours prior to proposed excision and al- 
lografting, 10 mg of ATG per kg body weight was infused 
intravenously over a four-hour period. After the initial 
infusion, the dosage and frequency of ATG administra- 
tion were varied to maintain the absolute rosetting cell 
population at 10% of the pre-immunosuppression level. 
Benadryl (2 mg/kg) and Solu-Medrol. (0.5 mg/kg) were 
given with each ATG infusion to ameliorate the frequent 
febrile response and occasional erythematous rash that 
had been observed in the ATG-treated renal transplant 
patients. 

The dose of ATG necessary to suppress the T cells to 
10% of the pre-treatment level varied from 10 mg/kg 
every other day to 40 mg/kg/day. There was no apparent 
correlation between the dose of ATG required and the 
severity of the burn or the presence of sepsis. While the T 
cell population was maintained at 10% of the pre- 
immunosuppression level, there was no gross evidence of 
allograft rejection in any instance. In patient No. 9, how- 
ever, even massive doses of ATG failed to maintain this 
degree of suppression and allograft rejection occurred at 
three weeks. 

Immunosuppression was continued until the area of 
unexcised, transplanted allograft extended to less than 
20% of the total body surface. 

Because of the small and irregular area of autograft 
available from the scant donor sites on repeated harvest- 
ing and the variability of healing time required between 
successive croppings from donor site to donor site, it was 
impracticable to excise allograft and replace it with 
freshly harvested autograft at each harvesting operation. 
Harvested autograft was therefore prepared, frozen, and 
stored in the viable state? until a sufficient amount was 
collected to replace large areas of excised allograft at a 
single operation. 

Gentamicin was given, 5 mg/kg intravenously im- 
mediately before operation, and this was continued for a 


“Antithymocyte globulin was provided by the Upjohn Co., 
Kalamazoo, Michigan. 
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short interval postoperatively according to the concept of 
preventive antibiotic management.9! Extensive exci- 
sions were carried out in selected patients using hypoten- 
sive anesthesia in order to minimize blood loss from 
donor site harvesting, as well as areas of excision. Indica- 
tions and contraindications used by others! were ob- 
served in the hypotensive anesthetic management of 
these patients. No patient with a severe pulmonary burn 
underwent hypotensive anesthesia. Ganglionic block 
and/or direct vasodilatation with sodium nitroprusside 
were used to induce hypotension. 

A uniform plan of treatment was carried out on all 
patients except for the mode of immunosuppression, as 
described above. Full thickness burn eschar was excised 
in a stepwise fashion beginning shortly following admis- 
sion. The first operative procedure consisted of harvest- 
ing all available donor sites, excising a comparable area 
of burn (usually a portion of one leg), and closing this 
wound with the harvested autograft (Table 3). The next 
three or four procedures consisted of eschar excision and 
skin transplant. All areas created by excision were al- 
ways closed in a primary fashion, using sheet autograft or 
allograft 8 to 10/1000 inch in thickness, during the same 
operative procedure as the excision. The first operative 
procedure was carried out on the second or third post- 
burn day, and further operative procedures were carried 
out every second or third day until the eschar was com- 
pletely removed and covered with autograft or allograft. 
Allograft was then excised stepwise as donor sites regen- 
erated and a sufficient amount of autograft became avail- 
able to graft a substantial area of excised allograft, as 
described above. 


Results 


Of the 11 patients who fit the criteria for massive, full 
thickness injury, 6 were admitted on the day of burn, 2 
were admitted the first day post burn, 2 on the second 
day post burn and 1 on the third day post burn (Table 2). 
Seven of these patients are alive and have returned to 
normal schooling. Four patients died following their in- 
jury. The extent of total burn ranged 81-92% of the body 
surface, and the extent of full thickness destruction 
ranged 70-90% of the body surface. The overall mortality 
was 3696, which may be compared to the mortality of 
100% for patients with over 70% BSA full thickness burns 
treated by various other regimens in the Massachusetts 
General Hospital and the Shriners Burns Institute from 
1945 to 1972. Table 4 compares these groups with the 
present group. 

The metabolic balance of the patients treated was care- 
fully maintained through the period of immunosuppres- 
sion and open wound by the oral, supplemented by the 
intravenous, route. A daily intake of at least 3000 cal/m? 
with 3 gm/kg of protein was usually obtained. Malfunc- 
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TABLE 4. 


COMPARISON OF SURVIVAL OF PATIENTS 
WITH MASSIVE 3° BURNS (70% BSA or Greater) 
ACCORDING TO TREATMENT MODE 


TREATMENT MODE SURVIVAL, MORTALITY WHERE 


| TREATED | 


/945- 65 | : | | 


1965-1972- | 


+ ENVIRONMENTAL 
| — CONTROL (BCNU) 


AgNO3 + BCNU 
+ ALLOGRAFT 
WOUND CLOSURE 


/965-1972- 


| — AgNOs + BCNU 

+ ALLOGRAFT | 

| + IMMUNOSUPPRESSION, | 

| TEMPORARY SKIN — : 
TRANSPLANT | 


tion of the gastrointestinal tract, taking the form of gastric 
retention with ileus or diarrhea, was seen as an ominous 
sign. Its onset usually heralded the onset of severe mal- 
nutrition and sepsis, and all four of the patients who died 
developed diarrhea followed by persistent ileus and gas- 
tric retention which prevented oral alimentation. Four of 
the seven patients who survived maintained normal G.I. 
tract function throughout their course. The remaining 
three had an occasional bout of ileus, lasting a day or 
two, usually following an operative procedure, but did 
not have G.I. tract dysfunction for a period long enough 
to interfere extensively with nutrition. All of the surviv- 
ing patients maintained body weight throughout their 
course of illness. Patient No. 7 was documented by nitro- 
gen balance study to have a positive nitrogen balance 
during the sixth week post burn at the end of her im- 
munosuppressive period and a markedly positive nitro- 
gen balance study at the time of wound closure. All 
patients had supplemental intravenous alimentation 
through centrally placed catheters, and nine patients also 
received courses of hyperalimentation extending from 10 
days to 3 weeks. Despite the adverse effects of im- 
munosuppression on host resistance, the bacterial com- 
plications of intravenous catheters did not appear to be 
increased. 

Repeated bacteriologic monitoring produced evidence 
for only one incident of bacterial cross infection during 
the period these patients were housed in the controille 
environment. Endogenous contamination from the G 
tract, as monitored via stool culture, was documented i 
all patients. The period of freedom from endogenou 
contamination of the burn wounds of patients varied fro: 
10 to 16 days following admission. Three patients wer 
admitted with contaminated burn wounds, subsequentl 
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shown to have arisen in the patients’ stool. Autocontami- 
nation was always seen first around the thighs, buttocks 
and low abdomen, spreading from these sites to any other 
areas that remained open. Donor sites, although occa- 
sionally recording the same strains as found on the burn 
wound, did not present a problem of invasive sepsis. 
Blood cultures taken at multiple times during the acute 
illness were positive one or more times before complete 
wound closure. The bacteria isolated from the blood were 
identical to the predominant strain found on the wound 
surface in almost all occasions. It is difficult to determine 
whether the bacteria were secondary to seeding from a 
contaminated burn or were secondary to the central ven- 
ous Catheter. All bacteremic episodes were treated vigor- 
ously with appropriate antibiotics for 7~10 days and re- 
moval of the central line, with replacement of the central 
line only after a 24-hour period, if possible. All but three 
episodes of blood stream infection responded to this 
therapy. The three not responding were considered part 
of the patient’s terminal phase of illness. The patients 
treated with azathioprine (patients 1-5) had a slightly 
higher incidence of bacteremic episodes (1-3 episodes) 
than the patients immunosuppressed with ATG (1 
episode). 

White blood counts in the patients treated with ATG 
ranged between 5000 and 3500. There was no episode of 
pancytopenia in the patients treated with ATG that re- 
quired omission of this drug. In the azathioprine group, 
however, patient No. | required omission of the 
azathioprine dose for two days because of a white count 
below 2500. The remainder of the patients’ white counts 
during azathioprine therapy ranged 5000—40,000. 

Overall, the portion of grafted skin that became vas- 
cularized and "took" was well over 95% of the area 
promptly excised and grafted. There were, however, 
some differences in anatomic areas in the per cent of graft 
take. Following excision, grafting of the chest, flank, and 
abdomen approached 100%. With the patient on his ab- 
domen and resting in this position in the postoperative 
period, graft takes of the back also approached 100%. 
However, in the prone position for grafting of the back, 
with the patients lying on 10-14 day old grafts, there was 
always a minor graft loss over pressure areas on the 
chest. Grafting of the forearms and lower legs was also 
carried out with an almost 100% take, while grafting to 
the thighs and upper arms never produced a near com- 
plete graft take and was often reduced to about 8096 of 
the grafted areas. Areas of skin loss were routinely seen 
around the shoulder and posterior deltoid region, the 
proximal portion of the posterior thigh, and the area 
adjacent to the groins. Grafting of granulating areas fol- 
lowing spontaneous separation of slough on the hands, 
face, and neck was never near 100% take and seldom 
approached 8096. Following prompt excision there was 
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no detectable difference between take of autograft or, of 
allograft that came either from a family member or from a 
cadaver. In some situations the take of allograft was 
superior to that of autograft because the strips of allograft 
skin could be taken wider and longer than the strips of 
autograft, thereby reducing the number of inter-allograft 
suture lines. Autograft take following excision of allograft 
was also excellent, but complete primary closure with 
sheet autograft was difficult at this stage of the patient's 
clinical course, for donor sites following multiple rehar- 
vesting were of poor quality and exact placing of the 
grafts to secure complete wound closure was not always 
possible. 

In the primary grafting procedures carried out in the 
treatment of the patients reported, there was only one 
major postoperative graft loss. This occurred in patient 
No. 5, who lost the major portion of autograft placed on 
the upper arm and forearm secondary to hematoma for- 
mation under the graft in the immediate postoperative 
period. A second graft complication was seen in patient 
No. 3, who had a slowly progressive loss of allograft 
following initial take of grafts of the thighs after the 
development of adjacent, unexcised burn wound sepsis. 

Although all of the patients surviving had wound clo- 
sure with a combination of autograft and allograft with 
satisfactory graft take in the third or fourth week post 
burn, complete wound closure with autograft was de- 
layed considerably beyond this time. For the most part 
this delay was due to the limited autograft donor sites 
available and the increasing length of time between crop- 
pings as the number of croppings of a single donor site 
increased. There was a further delay, however, caused 
by the decreasing extent of graft take, particularly on 
areas where graft loss had occurred, either by trauma or 
local sepsis. Unlike the graft take following primary exci- 
sion, secondary grafting seldom approached 100%. In the 
seven patients surviving, autograft wound closure to 
within 5% of the body surface required 60-102 days (Ta- 
ble 2). 

In all of the patients reported, scalp, or a major portion 
of the scalp, was available for donor site. The scalp 
proved to be the most reliable donor site, for it was 
seldom extensively burned, regenerated to the point 
where recropping was possible in the shortest length of 
time, and supported the largest number of recroppings. 
Next in importance as donor sites were the feet. In all of 
the patients there were additional small areas of un- 
burned skin on the trunk or extremities which could be 
used as donor sites. The hands and the face, even if 
unburned, were not used as donor sites. 

Table 5 shows the distribution of the burned areas in a 
series of 68 patients of all ages treated at the Mas- 
sachusetts General Hospital who had sustained massive 
third degree burns. As shown in the figure, the scalp and 
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TABLE 5. 


POSSIBILITY OF SCALP, FEET, HANDS, FACE 
BEING SPARED IN MASSIVE 3? BURNS 


AREA BURNED 
SCALP FEET HANDS FACE 


Z r e e 












EXTENT OF 
3° BURN 
(% BSA) 








47 % 
717 


41% 


99 % 


5/47 
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feet are completely spared in over half of the patients 
seen. 

In all of the surviving patients allograft remained viable 
and functioned as an effective skin cover throughout the 
period of immunosuppression. One of the patients who 
died (patient No. 9) could never be adequately im- 
munosuppressed, as judged by high rosette counts. This 
patient was shown on skin biopsy to be rejecting his 
allograft at three weeks. 

Maximum allograft survival time was not determined 
because the grafts were deliberately excised and replaced 
with autografts before rejection occurred. In most pa- 
tients satisfactory allograft survival was regularly main- 
tained for the 30-50 days required to achieve 80% auto- 
graft coverage. 

Excluding T cell depletion, there were no changes in 
the blood or urine attributable to ATG. Random serum 
samples did not reveal horse protein antibodies as deter- 
mined by passive hemagglutination utilizing human ery- 
throcytes that had been preincubated with a sub- 
agglutinating dose of ATG. 

No difference in the characteristics of skin rejection 
could be detected between patients treated with 
azathioprine and those treated with ATG. Skin biopsies 
were not routinely taken unless indicated clinically. 
However, routine histologic study of the allograft skin 
during immunosuppression was obtained through exami- 
nation of the excised allograft as it was replaced by au- 
tograft. Clinically all grafts appeared intact without evi- 
dence of rejection and functioned as an excellent skin 
cover except for patient No. 9, as noted above. Histolog- 
ically, however, all patients showed evidence of ‘‘mild’’ 
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Fic. 1. Mild allograft rejection at 28 days in a patient being treated with 
azathioprine. There is a slight increase in the number of clear cells in the 
basal layers of the epidermis. There is a slight increase in lymphocytes 
and histiocytes in the dermis; however, there is little evidence of 
perivascular round cell accumulation. No vascular thrombosis is pres- 
ent (reduced from x 150). 


or "early" rejection beginning as early as three weeks 
following allograft. The rejection changes were always 
patchy in distribution and consisted of abnormalities such 
as epithelial hyperplasia, epithelial intercellular edema, 
occasional small lymphocytes between epithelial cells, 
areas of epithelial separation from the dermis, and vac- 
uole formation in the cells of the basal layer of epidermis. 
Reaction in the dermis consisted of edema, patchy lym- 
phocytic infiltration, perivascular round cell infiltration, 
and a few thrombosed venules. Figures 1—4 show exam- 
ples of the type of rejection seen. 

Although rejection of allograft routinely followed the 
cessation of immunosuppression, it did not follow im- 
mediately after the immunosuppressive agent was 
stopped. Clinical rejection was evident in most patients in 
10 days following cessation of immunosuppression and 
was well advanced by 14 days. In no case was the rejec- 
tion reaction explosive, but slowly progressed to destroy 
the allograft (Fig. 4). Rejecting lesions proved indolent 
and excision of the granulating area was required before 
autografting was successful. 
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Fic. 2. Minimal allograft rejection at 31 days in a patient being treated 
with ATG. There are more clear cells in the dermis than are seen in Fig. 
1. Lymphocytes and histiocytes are quite prominent in the graft dermis. 
Vascular thrombosis has occurred as well as perivascular round cell 
accumulation (reduced from x 250). 


In two of the patients reported (Nos. 6 and 11) cadaver 
allograft was used because no family member was avail- 
able. In case No. 6, sepsis developed, requiring omission 
of immunosuppression. In patient No. 11, allograft was 
used throughout and immunosuppression using ATG was 
effective in delaying allograft rejection for 48 days. The 
allograft was rejected only after ATG was omitted. This 
patient's clinical course did not differ detectably from 
that of patients treated with typed allograft from family 
members except for a febrile course associated with al- 
lograft rejection, discussed below. The exact genetic dis- 
parity between the patient and the cadaver donor could 
not be established, however, for tissue typing of the 
cadaver was not possible. 

Pulmonary difficulties did not present a serious prob- 
lem in any of the patients reported. Four patients sus- 
tained pulmonary burns in addition to their body surface 
area burns (Table 2) and three of these required intuba- 
tion. Patients intubated at the Burns Institute were 
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treated with a nasotracheal tube and all patients. with 
pulmonary burn had positive and expiratory pressure 
(PEEP) of 5 cm HO, using spontaneous PEEP or a 
respirator with 5 cm of PEEP. All patients with the clini- 


cal findings of a pulmonary burn were treated with cor- * 


ticosteroids on admission in the form of 5 mg/kg Solu- 
Medrol per day intravenously for five days as a routine. 
Nasotracheal intubation, respiratory assistance, and 
PEEP, if they were employed, were continued until the 
clinical condition of the patient allowed extubation, usu- 
ally on day five or six. None of the surviving patients 
required reintubation for pulmonary complications, but 
three of the patients who succumbed developed terminal 
pulmonary sepsis and a rapidly progressing respiratory 
failure (patients No. 2, 3, and 6). One of the patients 
(patient No. 3) suffered a severe pulmonary burn and a 
tracheostomy was done before he was transferred to the 
Burns Institute. No tracheostomies were performed at 
the Burns Institute.’® 





Fic. 3. Marked allograft rejection at 21 days in patient No. 9, whose 
allograft rejection was not controlled. The epidermis is completely 
destroyed. There is a heavy subepidermal infiltration of lymphocytes 
and histiocytes. These same cells were in abundance in the epidermis at 
a slightly earlier stage. The graft dermis contains many lymphocytes 
and histiocytes. Vascular thrombosis is common in this specimen (re- 
(reduced from x 150). 
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Eight of the reported 11 patients received hypotensive 
anesthesia one or more times during their acute burn 
course. Hypotensive management was more accurate 
using nitroprusside than with ganglionic blocking agents 
and the periods of hypotension were shorter. No compli- 
cations were seen that were directly related to the 
hypotensive anesthesia. 

Four of the 11 patients begun on immunosuppression 
and temporary skin transplantation succumbed during 
their course of treatment. The time of death following 
injury is recorded in Table 2. 

Patient No. 2 was admitted three days following injury 
with early pseudomonas sepsis of the thighs and but- 
tocks, following a deep burn caused by flaming gasoline, 
the deepest portions being the legs and buttocks. The 
period between burn and transfer and the beginning of 
excisional therapy was the longest in this group of pa- 
tients. Immunosuppression was obtained with azathio- 
prine and initial graft take was excellent. Pseudomonas 
sepsis developed in the buttocks and perineum, which 
were unexcised, and spread to the grafts over the adja- 
cent thighs. Sepsis continued to be a problem throughout 
the patient's course, and pseudomonas pneumonitis de- 
veloped before death with rapidly progressive respiratory 
failure. The patient succumbed on the 30th post-burn 
day. 

Patient No. 3 was burned in a house fire and because of 
smoke inhalation a tracheotomy was placed before his 
transfer to the Burns Institute on the second post-burn 
day. The patient was immunosuppressed with azathio- 
prine and allografting was carried out with excellent take. 
On the 26th post-burn day he suffered a massive hemor- 
rhage from his tracheostomy. This was repaired, but the 
patient succumbed on the 38th post-burn day. Although 
the patient developed an E. coli pneumonitis terminally, 
sepsis had not been a problem until the terminal phase. 
Allografts at postmortem examination showed mild rejec- 
tion. 

Patient No. 6 was admitted on the day of burn follow- 
ing a house fire. No family members were available as 
donors so that cadaver skin transplants were carried out. 
The patient was immunosuppressed with ATG but de- 
veloped renal failure and died with acute tubular necrosis 
on the 14th post-burn day. 

Patient No. 9 was burned with flaming gasoline and 
admitted to the Burns Institute on the day of burn. The 
patient was immunosuppressed with ATG. The initial 
take of allograft and autograft skin was excellent. How- 
ever, by the 21st post-allograft day the allografts showed 
clinical and histologic evidence of chronic rejection (Fig. 
4). Satisfactory immunosuppression, as judged by a 
rosette count of 10% or less, was never satisfactorily 
achieved, even at daily doses of 40 mg ATG/kg daily. 
Following the third week post allograft, the patient de- 
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Fic. 4. Marked allograft rejection i 

days after ATG had been stopped. There is extensive infiltration of the 
epidermis by lymphocytes and histiocytes with destruction of basal 
cells. Early blister formation consisting of separation of the basal epi- 
dermal cells from the dermis has occurred. An intense round cell infiltra- 
tion of the graft dermis is apparent. Vascular thrombosis has occurred 
(reduced from x 150). 


veloped a course typified by swinging fever, the cause of 
which was not clearly demonstrated. Gastrointestinal 
dysfunction, characterized by ileus and vomiting, pre- 
vented oral intake; and, despite hyperalimentation, nutri- 
tion could not be satisfactorily maintained. By the 45th 
hospital day, the trunk and major portion of the ex- 
tremities were covered with autograft. The patient con- 
tinued to deteriorate metabolically and died following 
cardiorespiratory failure on the 54th day. At the time of 
death over 9096 of the burned area was closed with auto- 
graft. 

The seven patients who survived have all returned to 
active and productive schooling; and, although recon- 
structive procedures will continue to be necessary, they 
are leading active lives. Despite the extent of full thick- 
ness injury, the functional and emotional result following 
acute and reconstructive burn care has been very satis- 
factory. The overall cosmetic and functional results are 
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TABLE 6. 
LONG TERM STATUS OF 
HANDS AND FEET IN PATIENTS 
SURVIVING MASSIVE BURNS 
FUNCTIONAL | COSMETIC 
(HANDS) (FACE) 
NORMAL ( UNBURNED ) f 2 
RECONSTRUCTION RESULTS: 
EXCELLENT 2 
GOOD to EXCELLENT 4 O 
GOOD O o 
POOR to GOOD O 4 
POOR | O 


tabulated in Table 6. The left hand of patient No. 5 was 
severely burned with destruction of portions of the 
phalanges, and the functional result in this hand is poor. 
Cosmetically, as judged by facial appearance, the results 
are also satisfactory. Only one patient now has a poor 
cosmetic result stemming from scarring on the left side of 
the face. Further reconstruction will improve these re- 
sults. No surviving patient in this series is disabled by 
functional or psychological abnormalities. 


Discussion 


The weight of evidence that has accumulated over the 
past 10 years concerning the nature of the burn illness 
and the various methods of therapy designed to over- 
come this illness have demonstrated that bacterial 
infection so routinely associated with death following 
burns is the result not of fortuitous bacterial invasion but 
of serious defects in the patient’s host resistance caused 
by a large open wound and extensive malnutrition. The 
treatment of patients whose primary problem is a defect 
in their ability to resist bacterial invasion should there- 
fore be designed to correct or prevent these defects. In 
this sense, antibiotics, delivered either as topical medica- 
tions or systemically, serve only as an adjunct. They do 
not solve the fundamental problem caused by a large 
open wound coupled with protein and calorie starvation. 
A more rational approach to the problem of extensive 
skin loss secondary to burns appears to be the rapid 
excision of devitalized skin and immediate closure of the 
wound following excision. This concept, together with 
strict protection ‘of the patient against bacterial cross 
infection and intensive nutritional support, has been 
employed successfully as routine burn care for both chil- 
dren and adults who have sustained burns up to 65% of 
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their body surface.’ Although the concept of prompt ex- 
cision and immediate wound closure is also theoretically 
sound for the treatment of more extensive burns, for 
practical purposes early wound closure with autograft is 
impossible, for the small amount of unburned skin will 
not supply sufficient split thickness skin grafts to cover 
the area of skin destroyed. Further, although allograft 
may be used to supplement the existing autograft, thus 
achieving early wound closure, the duration of allograft 
wound closure is short. Rejection of allograft occurs, in 
our experience, within 12-20 days,!*?5 which is too soon 
to allow repeated cropping of the patient's donor sites to 
obtain sufficient autograft to produce wound closure be- 
fore allograft loss. The method reported of prompt exci- 
sion and immediate wound closure is successful because 
the method includes a delay in rejection through im- 
munosuppression which permits sufficient time for re- 
peated recropping of donor sites to allow stepwise allo- 
graft excision and closure with autograft. This concept of 
immunosuppression and temporary transplantation 
which we have used in the treatment of patients reported 
here differs from renal or other organ transplantation in 
that permanent survival of the skin allograft is not ex- 
pected. The essential duration of the transplant is only 
long enough to allow sufficient time for regeneration and 
recropping of autograft to completely replace the trans- 
planted skin. We have used the term "temporary trans- 
plantation" to further differentiate this concept from the 
use of allograft or xenograft skin as biologic dressings in 
the treatment of burned patients for the short-term pro- 
tection and preparation of the wound for autografting. 
The problem of an additional depression of the burned 
patient's already defective host resistance by an im- 
munosuppressive agent was recognized as a serious 
hazard. Previous experience in treating patients with 
massive third degree burns at the Massachusetts General 
Hospital and the Shriners Burns Institute, Boston indi- 
cated that no treatment short of permanent wound clo- 
sure achieved promptly following injury was successful 
in preserving life. This experience is summarized in Table 
6 and demonstrates that in the treatment of massive third 
degree burns (third degree component over 70% of BSA) 
the mortality between 1945 and 1965 was 10092. A similar 
mortality for this extent of third degree burn was seen in 
the patients treated with aqueous 0.5% silver nitrate be- 
tween 1965 and 1972. With the clinical introduction of the 
Bacteria Controlled Nursing Unit and its demonstration 
as an effective method to prevent bacterial cross infec- 
tion, a series of patients with massive third degree burns 
were carefully treated using AgNO, within the controlled 
environment, without success. A further group of pa- 
tients was then treated in the controlled environment of 
the BCNU with silver nitrate and prompt excision, with 
wound closure using allograft. In these patients both 
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typed family allograft as well as cadaver allograft were 
utilized, again without success. 

In the light of this experience and with the weight of 
evidence indicating that continuous wound closure fol- 
lowing excision of a massive, full thickness burn would 
be successful in limiting bacterial and nutritional compli- 
cations, a treatment plan involving immunosuppression 
was developed taking full advantage of prompt excision 
of dead tissue and immediate wound closure, the con- 
trolled environment of the Bacteria Controlled Nursing 
Unit, intensive metabolic alimentation and topical silver 
nitrate. Immunosuppression in the treatment of the first 
five patients was obtained using azathioprine. In these pa- 
tients the only objective evidence of altered host re- 
sponse outside of prolonged allograft survival was a 
moderate depression of the white blood count during the 
period of immunosuppression. Bacterial complications 
were observed in all of the azathioprine treated patients, 
but their clinical severity did not detectably differ from 
patients treated in a similar manner but without im- 
munosuppression. In all patients the prolongation of al- 
lograft survival was satisfactory. Laboratory studies had 
demonstrated that antilymphocyte serum provided the 
most effective prolongation of allograft survival with the 
least bacterial complications," and when a satisfactory 
antithymocyte globulin became available, this was used 
as the immunosuppressive agent without the use of 
azathioprine. Febrile responses and rashes were satisfac- 
torily controlled using Benadryl and Solu-Medrol given 
in small amounts intravenously immediately before the 
intravenous ATG. Other than lymphocyte depletion, 
there were no changes in the white blood count. Satisfac- 
tory prolongation of allograft survival was seen in all 
patients treated except for patient No. 9 where chronic 
rejection presented a clinical problem. In this patient 
allograft rejection was evident three weeks following 
grafting and was associated with daily swinging fevers to 
105 F. Careful bacteriologic and immunologic studies 
during the first two weeks of this course failed to reveal a 
cause for the fever and, thus, although it is impossible to 
document clearly, it is our clinical impression that this 
patient's febrile response was secondary to the wide- 
spread inflammatory reaction generated by allograft re- 
jection. A similar clinical picture was seen two weeks 
following cessation of ATG therapy in patient No. 11. In 
this patient a considerable amount of allograft remained 
on the thighs when ATG therapy was stopped, and a 
brisk rejection reaction took place in this remaining allo- 
graft. Again, bacteriologic and immunologic studies failed 
to provide a source of the fever and the clinical impres- 
sion was that the swinging febrile disease was caused by 
allograft rejection. This experience indicates that in an 
extensive burn the open wound produced by chronically 
rejecting allograft is not only susceptible to bacterial 
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colonization but provides an intense inflammatory reac- 
tion which in itself is an additional strain on the patient's 
metabolic and antibacterial reserves. 

The exact contribution of the protective environment 
provided by the Bacteria Controlled Nursing Unit cannot 
be rigorously assessed. It is worth noting. however, that 
cross infection was rarely seen in this group of highly 
susceptible patients, and that the late development of a 
bacterial pneumonia was only seen as a terminal episode 
in three of the patients who failed to survive. In this 
group of patients, as in other patients who have been 
treated in the protective environment of the Bacteria 
Controlled Nursing Unit, endogenous strains of gram 
negative bacteria contaminating burn wounds appear to 
be better tolerated by the patient than strains of gram 
negative bacteria seeded on the wound by cross infec- 
tion. Although a dogmatic statement concerning the con- 
tribution of a protective environment to the clinical 
course of the immunosuppressed burned patient cannot 
be made, the weight of the evidence available indicates 
that the contribution is a positive one. 

Careful attention was paid to the patient's calorie and 
protein intake. Caloric expenditure secondary to 
evaporative water loss and conduction and convection 
heat loss was minimized by the controlled environment 
provided by the Bacteria Controlled Nursing Unit. In all 
surviving patients a combination of alimentation by the 
oral and intravenous route was used and a majority of the 
patients required intravenous hyperalimentation to reach 
the calorie and protein intake goals set. Gastrointestinal 
dysfunction created a serious problem, for it was impos- 
sible to provide sufficient calories and protein by the 
intravenous route alone. Gastrointestinal dysfunction se- 
vere enough to prevent oral alimentation must be viewed 
as a threatening complication, for it greatly increases the 
metabolic deficit. None of the surviving patients had G.I. 
tract dysfunction for periods longer than a day or two, 
while all patients who did not survive had two or three 
weeks of intestinal dysfunction before their death. 

A large part of the effective control of bacterial infec- 
tion demonstrated by these patients in the face of im- 
munosuppression must be laid to the beneficial effect of | 
prompt and almost complete wound closure and the - 
maintenance of normal nutrition during the periods of © 
maximum stress. It is also important to recognize that the | 
majority of operative procedures, and all procedures 
concerning excision of burn eschar and initial wound - 
closure, were carried out within the first 10 days follow- - 
ing injury. During this early period the patient's overall - 
physiology, with the exception of initial fluid shifts, is 
normal. The initial burn period is well before the period 
of organ failure so characteristic of the course of mas- 
sively burned patients. During this early period when the 
patient was able to respond to the stress of operation in a 
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relatively normal fashion, operation was tolerated. The 
difficulties expected from extensive surgical procedures 
carried on later in the burn course were not encountered. 
A reliable, nearly 100% take of split-thickness skin grafts 
following burn eschar excision was considered indispen- 
able to the success of this method of treatment. Here 
again, prompt burn eschar excision played a vital role. 
Excision carried out before any portion of the burn 
wound becomes heavily contaminated with bacteria regu- 
larly produces effective graft take. In this same vein, 
accurate primary closure of the entire wound was consid- 
ered necessary so that open areas between grafts would 
not be present. Bacterial contamination and possible in- 
fection in these open areas present an especially promi- 
nent risk to the immunosuppressed patient, not only in 
increased graft loss along the open edge, but in serious 
invasive bacterial infection. 

Although the occurrence of severe pulmonary injury, 
in association with the massive surface injury, was a 
common occurrence in patients on admission, a pulmo- 
nary injury itself did not markedly alter the patients’ 
overall course. On establishing the probable diagnosis, 
intravenous steroids in high doses were immediately giv- 
en, maintained for three days, and then discontinued 
without tapering. The steroids were begun as soon as 
possible after injury; and in several of the patients who 
did not arrive at the Burns Institute for two days, steroids 
were begun intravenously at the hospital of immediate 
resuscitation at our request. Steroids were begun in the 
absence of findings of pulmonary insufficiency. All of the 
patients sustaining pulmonary burns showed normal 
blood gases and chest X-ray immediately following in- 
jury. Immediate steroid therapy following pulmonary 
burn appears to prevent the progression of the injury and 
thus avoids or ameliorates respiratory insufficiency. 
Tracheostomy was avoided in order to reduce the inci- 
dence of serious post-tracheostomy bronchopneumonia. 
The operative schedule, as described above, was not 
interrupted by the presence of respiratory failure, as 
documented by blood gases and the use of a respirator. It 
was felt that excision and wound closure in the earliest 
possible time post-injury was of sufficient importance to 
justify operation despite pulmonary findings. In the pa- 
tients reported, no increase in pulmonary difficulty or 
serious physiologic problem developed during operations 
carried out in the face of respiratory failure. 

The use of hypotensive anesthesia greatly increased 
the flexibility of operative procedures during the period 
of excision and initial closure. The reduced blood loss 
allowed larger areas of burn eschar to be excised which, 
in turn, allowed the operation to be planned on the basis 
of anatomic areas requiring excision (i.e. entire ex- 
tremities or anterior trunk) rather than being limited bya 
certain volume of blood loss. In the course of our experi- 
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ence, hypotensive anesthesia has been developed for the 
particular requirements of the acutely burned patient and 
indications for its use and safeguards developed.?? 

Despite the reported immunosuppressive effect of se- 
vere thermal injury? which has been observed to prolong 
survival of compatible skin grafts in large burns,” pa- 
tients treated immediately after injury regularly reject 
their allografts within 20 days.'5?5 It appears that the 
previously observed immunosuppressive effect of large 
thermal injuries late in the burn illness may not be as 
evident in the well nourished, non-septic, burned child 
immediately after burn. 

An allograft survival of 20 days was not adequate to 
allow repeated harvesting of autograft from the available 
donor areas to replace the allografts and cover the burn 
wound. If allograft was allowed to reject, the bed was not 
suitable for autograft take because of surface infection 
and necrotic tissue so that further debridement and graft 
bed preparation were necessary. This delay in successful 
allografting severely compromised the objective of 
the technique, i.e. rapid primary closure of the burn 
wound. In contrast, the bed exposed after removal of 
viable allograft readily accepted autografts and 90-100% 
successful *‘takes’’ were routinely achieved. Thus the 
need for prolongation of allograft survival beyond 20 
days was evident. 

Azathioprine was first used to prolong allograft survi- 
val. The favorable outcome in 3 patients has been previ- 
ously reported.'? Azathioprine, however, caused concern 
due to its lack of selectivity for cellular suppression, its 
prolonged effect on the bone marrow, and the difficulty 
in regulating the dosage to avoid excessive immunosup- 
pression. Further laboratory studies!” indicated that ATG 
was the most effective agent for skin transplantation. 
ATG was therefore considered as an alternative im- 
munosuppressive agent. Previous experience had im- 
pressed us that ATG can prolong skin allograft survival in 
rhesus monkeys’ and in human beings.'??? Experience 
with human renal transplants also showed that ATG 
could be safely administered in high dosage by the in- 
travenous route. Little difficulty has been noted with 
either rejection episodes or infectious complications 
when the absolute rosetting cell (T cell) count remained 
around 10 per cent of the pre-immunosuppression level. 
From these observations we concluded that the dosage of 
ATG given to burned patients should be individually 
adjusted to maintain the T cell population at 10% of the 
pre-immunosuppression level. Using this determination 
as a guide, we have significantly prolonged cadaver and 
matched LR allograft skin survival without suppression 
of the total white blood cell count or the appearance of 
uncontrollable sepsis. It has also been possible to rapidly 
cover the burn wound with allografts and gain the addi- 
tional benefits of early autografting of the hands and face 
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with consequent reduction of scarring. The small dose of 
Solu-Medrol (0.5 mg/kg) administered with the ATG 
probably had minimal effect on allograft survival. Previ- 
ous reports have indicated that glucocorticoids alone in 
even higher doses did not delay allograft rejection in 
burned patients? 


The experience in the treatment of massive third de- 
gree burns reported here is a strong indication that the 
most important factor in the successful treatment of ex- 
tensive skin destruction following thermal injury is, as it 
is in all other areas of trauma, the prompt removal of 
dead tissue and immediate wound closure. The exact 
methods used to accomplish this goal are of secondary 
importance. In the patients reported here, immunosup- 
pression and temporary skin transplantation have been 
used successfully. 
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DISCUSSION 


Dr. Francis D. Moore (Boston): I'd like to congratulate Dr. Burke 
and the group at The Shriners for doing this work and the program 
committee for putting it on as the first paper because it is a historic 
contribution. 

The principle is obvious and terribly important. It was under the 
leadership of Dr. Oliver Cope that the idea was initiated back about 
1943 or 1944, to use early excision to get rid of the dirty, infected burn 
tissue and get the wound closed. It is a principle applicable anywhere in 
a but we didn't have a method of closure. Dr. Burke has shown 

OW. 

It is interesting that in Dr. Burke's paper of the 11 patients, all but two 
were under seven years of age. That is really important because a little 
skin goes a long way. The problem is how and when to achieve im- 
munosuppression. 

Our own experience has been very small, two cases. One of them was 
a child of 14. We took extensive skin from the mother and the father. 
We did not use any immunosuppression. It was a great help and some of 
the skin lasted a long while. 
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The child was quite large however and it was à big wallop to the 
mother and father who lost most of their skin on both legs to just give 
partial coverage to the child. 

More recently, we had a remarkable situation of very extensive burn 
with a fraternal non-identical twin. We went through all the HLA and 
mixed leukocyte culture matches. It wasn't perfect but it was very 
good. 

We covered one of the patient's legs completely with the non- 
identical twin skin and that has remained intact. We never had to 
remove it and it looks better than the patient's own leg. 

It is interesting that in 1923 or 1924, Emile Holman, in typical Hol- 
manesque style, thought of all this. 1 think he reported it at this Associa- 
tion. He grafted a mother to a child and after awhile the child rejected 
the skin. He made all sorts of interesting observations and speculations 
about antigens and antibodies and tissue compatibility. The child then 
had a generalized dermatitis and Holman reasoned that antibodies had 
formed against the mother's skin that produced autoimmune disease of 
the child's own skin. So he was way ahead of his time. 

I would like again to congratulate Dr. Burke and | hope in closing 
John will tell us a little bit about the donors. How many were parents, 
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siblings? Did they use typing leukocyte cultures? Were any of those 
things of any help and finally, did he really have to take off all of it? 
How much of it might have made the grade for long-term. 


Dr. BRADFORD CANNON (Boston): One can only stand in awe on 
hearing the results of Dr. Burke's efforts to save these children with 
massive burns of 70-80% of body surface area. However, these patients 
present some of the most incredible challenges to my colleagues in 
plastic and reconstructive surgery in Boston, some of which are truly 
insurmountable. Dr. Burke mentions later replacement of heterografts 
with autografts. Needless to say, the sources of autogenous skin are 
understandably limited. The shaved scalp has been a valuable source of 
many grafts of skin in these children. It is interesting that this donor site 
can be used so often, 

Moral questions are constantly in mind, especially in the extensively 
burned child with hands and face involved and I emphasize hands and 
face. Are our efforts justified if the family is disrupted by the return of 
this severely handicapped disfigured child to its midst. What will the 
suicide rate be in the teenaged disfigured child? One recalls the high rate 
of suicide in the cerebral palsy victims in their late teens. 

The answers are not ours to give, but society may ultimately have to 
make the decision about the salvage of these children. 


Dr. JosepH E. Murray (Boston): There is a striking diminution of 
degree of post-graft contracture in the patient that Dr. Burke presented, 
and I would just like to make a comment on this and ask a question. 

The role of collagen in the prevention of diminution and contracture 
has been brought up many times, both clinically and experimentally, 
and I was surprised to see that picture of that beautiful result in a child 
without the contractures that we see after autografting. 

So the role of the dermis as a causal factor in the diminution of 
contracture is worthy of clinical investigation. 

I would like to ask a question. Is your allograft totally removed or do 
you allow it to dissolve? If the latter is the case, the dermis has probably 
not been rejected, and it may have prevented the later wound contrac- 
tion: 

This is a magnificent presentation, and we in plastic and reconstruc- 
tive surgery will be very happy if burn contraction is diminished by the 
use of allografts. 


DR. STANLEY M. LEVENSON (Bronx, New York): All of us would 
agree with Dr. Moore that this has been a historic presentation. The 
approach described by Burke and his associates is elegant in its simplic- 
ity. The central thesis can perhaps be described as follows: unburn the 
burn! 

This alliterative phrase has validity in experimental fact. Studies in 
Dr. Pruitt's laboratory and our own have shown that when a burned 
animal is subjected to very prompt excision of the burn and the wound 
covered with viable or even non-viable skin, the animal acts 
hemodynamically and, from the point of view of resistance to bacterial 
infection, as if the animal had never been burned. 

Though the underlying concept is simple in the approach described by 
Burke and his associates, carrying it out, of course, is complex. 

A superb clinical staff, physicians, nurses, technicians and superb 
leadership and organization and superb facilities are required to carry 
out this bold approach and certainly Dr. Burke and his group have all of 
these. Unfortunately, not all their patients survived, though certainly 
the fact that so many did survive is remarkable. 

But what can we look forward to in the future to improve further 
these remarkable accomplishments? | think among the possible ap- 
proaches are the following: 

One, prevention of the extent and depth of the burn. By this I do not 
mean burn prevention in the usual sense, but rather an induced increase 
in the resistance of the skin and, perhaps some day, the respiratory 
tract, to the effects of heat. There are experimental data that have been 
available for at least a quarter of a century in the literature to suggest 
that this is possible. 

Two, improved methods of diagnosis of depth of burn and wound 
excision to minimize blood loss and to shorten operating time. 

Three, control of the endogenous microflora in addition to control of 
the exogenous microflora, the latter so admirably demonstrated today. 
With regard to the former, that is, control of the endogenous microflora, 
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this possibility has been demonstrated to be feasible experimentally and 
limited clinical experience with patients with leukemia has shown it to 
be possible clinically. Four, of course, would entail control of the 
exogenous environment, not only while the patient is in the ward, but 
during transportation to the O.R. and during the operation itself. 
Techniques for both of these are feasible and possible. 

Five, growth of skin in vitro as an organ, that is, growth of autolog- 
ous skin, not just growth of epithelium as is currently possible. 

In conclusion. I think all of us agree that the implementation of the 
basic principles of surgical care demonstrated in this paper illustrate 
again that if one approaches a complicated medical problem from logical 
biological points of view, it can be solved. 


DR. Basil A. Pruitt. Jr. (San Antonio): We are all aware of the 
difficulties of early accurate assessment of burn depth and have often 
been fooled by areas that looked like partial-thickness injury which 
were actually full-thickness and vice versa. 

Was there histologic verification of the depth of the burns, since they 
are usually mixed second and third-degree in character? 

I'm also concerned about the patient grouping. Certainly there's a 
difference in terms of mortality and physiologic consequences of second 
and third, but customarily, mortality has been defined in terms of total 
burn and if you grouped all of the patients in the Shriners experience 
that were shown on the first slide, there are 10 survivors in patients with 
70% burns out of 129 and is that really statistically different from the 
results achieved in the excised and immunosuppressed group? I would 
suspect that it is, but it should be verified Statistically. 


Dr. WILLIAM P. LONGMIRE, JR. (Los Angeles): I started my profes- 
sional career as a plastic surgeon and had a special interest in burns for a 
number of years; secondly, on a lighter plane, I'd like to interject a bit of 
a travelogue. 

(Slide) Some of us have just returned from a trip to the People’s 
Republic of China. We saw a patient in the burns center in Shanghai, 
where they have almost 250 beds. 

Dr. Lau, who is in charge of this program, presented a number of 
patients including this gentleman who had suffered more than a 95% 
burn about 314 years before. The technique Dr. Lau described is similar 
to those being presented today, although, as far as I recall, he did not 
say anything about using immunosuppression. 

They use heterografts or, when available, homografts following early 
excision of third degree burns. In this particular gentleman's case, the 
only donor site available was the scalp. This has been previously men- 
tioned this morning. 

Sixteen different crops of superficial skin grafts were taken from the 
scalp. Before the homografted area had a chance to slough, it was 
opened with darts, and then these small grafts from the scalp were 
inserted, at least according to their description, although we did not 
have an opportunity to see any actual such cases. 

The autografts spread and cover the area as the homografts or 
heterografts slough off. 

(Slide) We may see in the lower left hand graph that the middle line 
represents the survival rate of patients in North America as reported by 
Baxter. The upper line indicates much poorer results obtained with 
many different treatments before the Revolution when their results 
were quite poor. 

The lower line shows that results since the Revolution, have been 
greatly improved and are better than those in North America at the 
present time. 

I think it is of interest to see the progress that they are also making in 
the management and the treatment of the very extensive burns. 

I wonder if Dr. Burke knows whether this group is using immunosup- 
pressive therapy or not? 

It was my impression they were not. 


DR. J. F. Burke (Closing discussion): To answer Dr. Moore's ques- 
tions, the donors in nine of the 11 patients were either mother or father. 
We would like to use siblings, but unhappily families tend to run in 
groups of about the same age and it was not reasonable, we felt, to use a 
minor sibling as the donor. 

In two of the patients neither parents nor siblings, were available and 
these patients were transplanted with cadaver skin donors. 
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One of these patients died before a reasonable evaluation of the 
efficiency of immunosuppression could be carried out. 

The other patient survived. The skin was not rejected in any unusual 
way and was excised as were the rest. The exact HLA relationship 
between the cadaver donor and the patient could never be established 
because it was impossible to type the cadaver. 

Tissue typing was used throughout in the population where family 
donors were used and the best HLA type match was chosen. We made a 
decision between the HLA match and the ABO match and always chose 
the HLA match so that a number of the patients were transplanted with 
ABO incompatibility. 

I can't answer the question about how long the donor skin would have 
survived because it was always excised as autograft donor site became 
available for reharvesting. 

I can say that all of the skin biopsies that were taken, even though the 
skin clinically looked perfectly normal and had no clinical evidence of 
rejection, always had on histologic examination evidence, mild but 
definite evidence of rejection. This I think was confirmed in a fairly 
brisk rejection reaction of the tissue that remained as soon as im- 
munosuppression was stopped. 

To answer Dr. Cannon, the moral question is of primary importance. 
It is very disturbing to us to note that all patients with massive third 
degree burns die unless transplanted. With the small numbers of pa- 
tients we have treated most of them survived and all survivors are back 
in school. I have a report card for one patient who is now seven and in 
the second grade. Her teacher comments that she is an outgoing, happy 
child who is involved in all of the activities of her classmates and is a 
leader in their group. 

The prospect for living a normal life isn't as black as one might 
assume, but I think the final answers to these questions must wait for 
more time. 

To answer Dr. Murray's questions, I agree that the amount of scar- 
ring is less in these patients. I don't know why. This is an important area 
and we are very interested in exploring it as imaginatively as we can. 

All of the allograft is removed. Our experience indicates that dermis 
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cannot be left. In our patients it became involved in a very low grade, 
minor rejection reaction. In several of the patients who had allograft 
remaining when immunosuppression was stopped in this series, there 
was a febrile illnesses which we carefully explored. It was shown not to 
be associated with infection, and only resolved with excision of all the 
remaining allograft tissue. 

Dr. Pruitt's question is I think an important one. It is not possible for 
me at least to tell a superficial third degree burn from a deep second 
degree burn. This poses a logistic problem for one surely does not want 
to excise any live tissue. To solve this problem we operate on the 
patient as soon as possible, admit we can't identify all areas of third 
degree burn in the preoperative period. Accurate identification of deep 
second degree burn can be carried out during surgery using a method we 
have devised called sequential eschar excision on the areas that are not 
obviously absolutely full thickness burn. With this method using a free 
hand knife we excise six-thousandth of an inch thickness layers of 
eschar until we get to viable tissue where excising is stopped. The viable 
surface following sequential excision is sometimes in the dermis and 
sometimes in the fat or muscle. 

In our cases all of the tissue excised was histologically controlled and 
the depth accurately monitored by this method. 

Dr. Levenson's question—we have not attempted to control the 
endogenous flora. There is a very considerable clinical price one must 
pay to control the endogenous flora. Also we have not tried to control 
the bacterial contamination on trips from the environment to the operat- 
ing room and back in anesthesiology. I think both of these, if we could 
solve the logistic problems, would certainly add to our efficiency. 

As to Dr. Longmire's questions, I believe that the Chinese do not use 
immunosuppression. 

Unhappily, I have not gone to China (although | think that this 
experience would be very interesting) so I cannot comment first hand. 1 
think it's important to realize that the crucial point here is the excision 
of the dead tissue and the closure of the wound. The exact method you 
choose to do this, I think, is of secondary importance and obviously the 
method that the Chinese have used has also succeeded. 
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Alloxan diabetes was induced in inbred rats that then were di- 
vided into four groups consisting of unoperated diabetic controls, 
sham-operated diabetic controls, rats given pancreaticoduodenal 
isografts, and rats given duct-ligated pancreas isografts. The 
animals were studied for from 18 months (controls) to two years 
(transplants) and the following important results were obtained: 
1) In striking contrast to the diabetic controls, pancreas trans- 
plants of both types produced immediate and permanent relief of 
hyperglycemia, immediate and lasting elevation of serum insulin 
levels, a normal weight and growth curve, and good health for 
two years. Removal of the graft was followed by recurrence of 
severe diabetes. 2) Pancreas transplants of both types prevented 
the widespread and severe renal, ophthalmic and neural lesions of 
diabetes that were found in the diabetic controls. 3) The duct- 
ligated pancreas graft and pancreaticoduodenal transplant were 
equally effective in controlling diabetes. Ligation of the pancre- 
atic duct was not followed by significant morphologic or clinical 
evidence of pancreatitis or by loss of endocrine function. 4) Portal 
venous drainage of the pancreas transplant was unnecessary for 
good endocrine function. 


ABETES MELLITUS is a very common disease that is 

responsible for substantial morbidity and mortality. 
It is estimated that more than 4.5 million people in the 
United States have diabetes, approximately one million 
of whom require insulin therapy for control of hyper- 
glycemia.” Currently, diabetes is the seventh ranking 
primary cause of death in this country, and it is a major 
contributor to deaths attributed to heart disease and 
stroke. Approximately one-quarter million individuals in 
the United States have juvenile-onset diabetes, the most 
severe form of the disease, and most of these develop 
nephropathy and retinopathy by the fourth decade of 
life regardless of how well their blood sugar levels have 
been controlled by available medical means. Substantial 
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evidence indicates that current treatment of diabetes 
with insulin and diet has had little influence on the 
development of the widespread vascular lesions that com- 
plicate this condition. Although the etiology of diabetes 
mellitus is still not known, the weight of opinion favors 
the view that insufficiency of the islets of Langerhans is 
the primary abnormality, so that provision of physiologi- 
cal islet function might prevent the crippling and often 
lethal effects of the disease. Therefore, the clinical stimu- 
lus to research in pancreas transplantation is apparent. 

If pancreas transplantation is to be useful in the treat- 
ment of diabetes mellitus, four important questions must 
be answered. These are: 

1) Is long-term control of diabetes possible? Will the 
pancreas transplant remain viable with good endocrine 
function for prolonged periods of time? 

2) Will the pancreas transplant prevent or relieve the 
widespread vascular, renal, ophthalmic and neural man- 
ifestations of diabetes? 

3) Is transplantation of the pancreas alone, with its 
ducts ligated, followed by autodigestion of the gland and 
resultant toxicity from pancreatitis, and by loss of endo- 
crine function? 

4) Is portal venous drainage of the pancreas transplant 
unnecessary for good endocrine function? 

In 1970, a microvascular surgical technique of 
heterotopic transplantation of the pancreas in rats was 
developed in our laboratory by Dr. Sun Lee.*!?!! Use of 
this technique for transplantation of isografts between 
inbred rats has provided the opportunity to study the 
function of the transplanted pancreas without the com- 
plications of immunologic rejection or immunosuppres- 
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Fic. |. Microvascular sur- 
gical technique of hetero- 
topic pancreaticoduodenal 
transplantation and of duct- 
ligated pancreas transplan- 
tation showing the opera- 
tions in the recipient. 
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sive therapy. The study reported herein was designed to 
answer the four critical questions by means of experi- 
ments involving transplantation of the pancreas in rats 
with alloxan-induced diabetes. 


Materials and Methods 


Experimental Groups 


Male Lewis strain rats approximately six months of 
age and weighing approximately 350 gm were used in 
these studies. Diabetes mellitus was induced by in- 
travenous administration of alloxan in a dose of 42-44 
mg/kg. Only those rats that had blood glucose levels 
above 200 mg % on two successive determinations during 
the first week after alloxan injection were continued in 
the experiments. One week after diabetes was estab- 
lished, the rats were randomly assigned to four experi- 
mental groups as follows: 

Group I consisted of 65 unoperated diabetic controls. 

Group Il contained 43 sham-operated diabetic con- 
trols. The sham operation involved isolation of segments 
of the abdominal aorta and inferior vena cava, and occlu- 
sion of the aorta and vena cava for 25 minutes. 

Group III was made up of 69 diabetic recipients that 
feceived syngeneic pancreaticoduodenal transplants 
from normal Lewis strain donor rats of the same age, sex 
and weight. 

Group IV consisted of 49 diabetic recipients that re- 
ceived syngeneic transplants of the whole pancreas with 
its ducts ligated from normal Lewis strain donor rats of 
the same age, sex and weight. 

The rats with pancreas transplants in Groups III and 
IV were studied for a period of two years. Since the 
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animals entered the study at six months of age and the 
normal life span of the Lewis rat ranges from two to two 
and one-half years, the transplanted rats were observed 
through their entire natural life. Because of the progres- 
sively increasing mortality rate in the diabetic controls in 
Groups I and II, an insufficient number of animals sur- 
vived to permit observations beyond 18 months. 


Transplantation Techniques 


We have previously reported the microvascular surgi- 
cal technique of heterotopic transplantation of the pan- 
creas in inbred rats.?!?!! The pancreaticoduodenal graft 
was harvested from the donor rat through a midline ab- 
dominal incision. The duodenum and pancreas were 
separated from the colon and greater omentum, the left 
gastric artery was divided, and the spleen was excised 
after ligation and division of its vascular pedicle. The 
duodenum was ligated just beyond the pylorus and di- 
vided, and the bile duct and hepatic artery were ligated 
and divided close to the liver. The aorta was isolated 
from above the celiac artery to below the superior mesen- 
teric artery, and all of its branches except the celiac and 
superior mesenteric were ligated and divided. The portal 
vein was divided at the level of the duodenal-jejunal 
junction. The aorta was cross-clamped, the graft was 
perfused with 8 ml of iced 0.8596 saline by injection 
through the aorta, and the aorta was divided to produce 
an aortic segment with attached celiac and superior 
mesenteric arteries supplying the graft. The portal vein 
was divided at the liver hilum, the duodenum was divided 
in its distal third, and the entire pancreas with attached 
duodenum, aortic segment and portal vein were excised 
and placed in iced saline. 








ORLOFF AND OTHERS Ann. Surg. * September 1975 










TABLE |. Blood Glucose Levels in the Four Experimental Groups of Rats 


* 












IV, Duct-ligated Pancreas 
Transplants 


Ill. Pancreaticoduodenal 
Transplants 


H. Sham-operated 
Diabetic Controls 
(n 65) (n—43) (n=69) (n=49) 

Per cent of Rats Per cent of Rats Per cent of Rats Per cent of Rats 
Mean Blood with Blood Mean Blood with Blood Mean Blood with Blood Mean Blood with Blood 


I. Unoperated Diabetic 
Controls 





Time After Induction Glucose Glucose Glucose Glucose Glucose Glucose Glucose Glucose 
of Alloxan Diabetes mg%+S.E. >200 mg% mg%+S.E. 2200 mg% mg%+S.E. 7200 mg% mg%+S.E. 200 mg% 
| week (Preoperative 
for Groups II, HI, IV) 292+10 100 31813 100 325+ 12 100 330+ 19 100 
3 months 278+23 67 264+ 15 68 7648 0 823 0 
6 months 274-13 74 303 +30 79 97+6 0 81+2 0 
9 months 366+31 86 370+37 89 79+7 0 95+ 12 0 
12 months 318+19 80 374+23 100 79+ 12 0 91+4 0 
15 months 283+ 16 100 275+41 75 109+ 22 0 92+4 0 
18 months 284+ 26 79 250+45 68 89+3 0 91+6 0 
2] months * * * $ 72+2 0 93+ 5 0 
24 months n T * * 10742 0 100+6 0 


*Insufficient number of survivors 
Statistical Comparisons: Group I vs Group H - No significant difference at any time 
Group III vs Group IV - No significant difference at any time 
Group IH vs Groups I and H - P=<0.001 at all times 
Group IV vs Groups I and H - P=<0.001 at all times 


The pancreaticoduodenal graft was transplanted to the 
recipient rat through a midline abdominal incision (Fig. 
1). The recipient aorta and inferior vena cava below the 
level of the left renal vein were cleaned and occluded 
with a partial occlusion clamp. End-to-side vascular 
anastomoses were performed using continuous 9-0 nylon 
sutures between the graft aortic segment and the host 
aorta, and between the graft portal vein and the host 
inferior vena cava. The open distal end of the graft 
duodenum was anastomosed end-to-side to the third por- 
tion of the host duodenum, using a continuous 7-0 silk 
suture. The graft ischemia time was 30 + 5 minutes. 

Transplantation of the duct-ligated pancreas alone, 
without the duodenum, was performed by a technique 
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Fic. 2. Mean blood glucose levels in the four experimental groups of 
alloxan diabetic rats. 








similar to that of pancreaticoduodenal transplantation 
except that in harvesting the graft the pancreas was dis- 
sected free from the duodenum and its excretory ducts 
were meticulously ligated and divided at their junction 
with the bile duct (Fig. 1). 


Blood Glucose and Insulin and Clinical Observations 


The concentrations of glucose and insulin in blood 
obtained from a tail vein, body weight, food and water 
consumption, and physical appearance were determined 
every two weeks for the first three months, and then 
monthly for up to two years. Plasma glucose was mea- 
sured by a modification of the O-toluidine method which 
involves the spectrophotometric detection of 
N-glucosylamine formed from the reaction of glucose 
with O-toluidine in glacial acetic acid in the presence of 
heat. Serum insulin was measured by a double antibody 
radioimmunoassay according to the principle of Yalow 
and Berson, using the Pharmacia Phadebos kit. 


Morphologic Studies 


Complete autopsies were performed in the rats at the 
time of death, and tissue was obtained for study by both 
light and electron microscopy. Particular attention was 
given to examination of the host pancreas, graft pan- 
creas, kidneys, eyes, peripheral nerves, brain and blood 
vessels. Sections of pancreas were stained with both 
hematoxylin and eosin and with Gomori's aldehyde 
fuchsin to demonstrate the beta cells in the islets of 
Langerhans. In addition, at intervals throughout the 
study, animals were sacrificed randomly to provide op- 
timal material for evaluating the evolution of mor- 
phologic changes. 
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g TABLE 2. Serum Insulin Levels in Four Experimental Groups of Rats 
p E a epi nnn np E aA a 
I. Unoperated Diabetic H. Sham Operated IH. Pancreaticoduodenal IV. Duct-ligated Pancreas 
Controls Diabetic Controls Transplants Transplants 
(n= 58) (n= 35) (n=32) (n= 37) 
Mean Serum Per cent of Rats Mean Serum Per cent of Rats Mean Serum Per cent of Rats Mean Serum Per cent of Rats 
Insulin with Insulin Insulin with Insulin Insulin with Insulin Insulin with Insulin 
ng/ml+S.E. <1.0 ng/ml ng/mi+S.E. «1.0 ng/ml  ngíml*S.E. <1.0 ng/ml < 1.0 ng/ml 


Time After Induction 
of Alloxan Diabetes 


| week (Preoperative 


for Groups II, HI, IV) 1.15+0.16 


3 months 
6 months 
9 months 
12 months 
15 months 
18 months 
2] months 
24 months 


0.88 0.12 

0.84+0.12 

0.62+0.05 

0.48+0.04 

0.59+0.07 

0.65+0.09 
* 


* 


1.20 0.09 
1.01+0.12 
0.73+0.12 
0.67+0.09 
0.46+0.09 
0.55+0.07 
0.56+ 0.06 


* 


* 
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0.87+0.08 
1.47+0.06 
1.43+0.08 
1.35+0.10 
1.33+0.07 
1.1620.04 
1.18+0.06 
0,900.13 


*Insufficient number of survivors 
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1.15+0.06 


Statistical Comparisons: Group I vs Group II - No significant difference at any time 
Group HI vs Group IV - P=<0.001 at 3 months, no significant difference at any other time 
Group IH vs Groups I and H - P=<0.001 at all times 
Group IV vs Groups I and H - P=<0.001 at all times 


Removal of the Transplant 


To assess further the effectiveness of pancreas trans- 
plants in controlling diabetes, the grafts were removed 
from 19 animals that had been relieved of diabetes, and 
the studies of blood glucose, serum insulin, body weight 
and physical appearance were continued to determine if 
diabetes would recur. Twelve pancreaticoduodenal 
transplants were removed, 11 at one year and one at two 
years postoperatively. Seven duct-ligated pancreas grafts 
were removed, one at 18 months, two at 20 months, three 
at 22 months and one at 25 months postoperatively. The 
excised grafts were examined microscopically. In addi- 
tion, complete morphologic examinations were per- 
formed when these animals ultimately died. 


Results 
Blood Glucose 


The mean blood glucose levels and the per cent of 
animals with blood glucose levels above 200 mg % in the 
four experimental groups are shown in Table | and Fig. 2. 
All of the animals had blood glucose concentrations great- 
er than 200 mg 46 at the time of operation, one week after 
administration of alloxan. The hyperglycemia persisted 
in both the unoperated and sham-operated controls, and 
the diabetes was associated with a progressively increas- 
ing mortality rate so that few animals survived beyond 18 
months. The blood glucose levels in the two control 
groups were not significantly different at any time 
(P>0.10). In contrast, every animal with a pancreas 
transplant had an immediate and permanent reduction of 
the blood glucose level to normal for the two-year study 
period. The differences in blood glucose concentrations 
between the two groups with transplants and the two 


control groups were highly significant at all times 
(P« 0.001). Control of hyperglycemia was equally effec- 
tive in the two transplant groups, and there were no 
significant differences between them at any time 
(P-— 0.10). 

Serum Insulin 


The mean serum insulin levels and the per cent of 
animals with serum insulin levels below 1.0 ng/ml in the 
four experimental groups are shown in Table 2 and Fig. 3. 
Following induction of alloxan diabetes, all of the rats 
developed a significant fall in serum insulin concentra- 
tion. In the unoperated and sham-operated diabetic con- 
trol rats, the decline in serum insulin levels progressed so 
that by one year every animal had a serum insulin con- 
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FiG. 3. Mean serum insulin levels in the four experimental groups of 
alloxan diabetic rats. 
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Time After Induction 
of Alloxan Diabetics 


| week (Preoperative 


I. Unoperated Diabetic 
Controls 


(n=65) 


ORLOFF AND OTHERS 


Ii. Sham-operated 
Diabetic Controls 
(n= 43) 


TABLE 3. Mean Body Weight in Four Experimental Groups of Rats (gmS.E.) 


Ill. Pancreaticoduodenal 
Transplants 


(n 69) 
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IV. Duct-ligated 
Pancreas Transplants 


(n- 49) 





for Groups II, IH, IV) 30742 301-5 294+ 10 304-6 
3 months 33211 331+6 396+ 12 394+15 
6 months 355+ 30 354+ 11 455+20 457+6 
9 months 358+ 10 361-10 404 -22 48216 
12 months 349+ 10 366+ 10 474+11 4888 
15 months 371-11 362+ 14 542+15 499+ 10 
18 months 384+21 386+ 11 $56::24 47330 
2] months * * 517+44 489+ 15 

months * * 57Tx22 51621 











*Insufficient number of survivors 





Statistical Comparisons: Group I vs Group IH - No significant difference at any time 
Group III vs Group IV-P- «0.001 at 9 months, no significant difference at any other time 
Group III vs Groups I and II-P— «0.05 at 9 months, P=<0.001 at all other times 


centration below 1.0 ng/ml. The serum insulin levels in 
the two control groups were not significantly different 
from each other at any time. In contrast, transplantation 
of the pancreas, with or without the duodenum, produced 
an immediate and persistent rise in serum insulin to levels 
that were significantly higher than those in the control 
groups at all times during the study (P=<0.001). The 
absolute levels of serum insulin in the transplanted ani- 
mals gradually declined over the two-year study period, 
similar to what has been observed in the normal Lewis 
rat as it ages. Comparison of the serum insulin levels in 
the two transplant groups showed a significantly higher 
mean insulin concentration three months postoperatively 
in the rats with pancreaticoudodenal grafts, but no sig- 
nificant differences thereafter (P— 0.10). There was no 
evidence that the duct-ligated pancreas transplant se- 
creted less insulin than the pancreaticoduodenal graft up 
to two years after transplantation. 
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Fic. 4. Mean body weights in the four experimental groups of alloxan 
diabetic rats. 


Group IV vs Groups I and H-P=<0.02 at 18 months, P=<0.001 at all other times 


Body Weight 


Mean body weights of the four experimental groups are 
shown in Table 3 and Fig. 4. All of the animals lost 40—50 
gm of weight during the week following the injection of 
alloxan. The unoperated and sham-operated diabetic 
controls did not regain their pre-injection weights until 6 
months later, and then gained weight at a rate far slower 
than that of normal Lewis rats. By 18 months, the mean 
weight of the two control groups was only 10% above 
their mean pre-alloxan weight. In contrast, the rats with 
pancreas transplants of either type regained their pre- 
injection weight within one month postoperatively, and 
subsequently gained weight at a normal rate. The differ- 
ences between the control and transplant groups were 
highly significant at all times. Except for measurements 
made at 9 months after operation, when the rats with 
duct-ligated pancreas transplants were significantly 
heavier than those with pancreaticoduodenal transplants, 
there were no significant weight differences between the 
two transplant groups. 


Clinical Observations 


The texture of fur in the diabetic control groups was 
poor and they were less active than normal rats. The 
animals with pancreas transplants were not distinguisha- 
ble from normal rats with regard to fur and activity. The 
diabetic control rats suffered from chronic polydipsia, 
polyuria and polyphagia. None of these manifestations of 
diabetes were observed in the transplant groups. The 
incidence of cataracts of the lens was 80% during a period 
of 18 months in the diabetic control animals, in contrast 
to an incidence of 12% during a two-year period in the 
rats with pancreas transplants. 

The operative mortality rate, defined as death during 
the first two weeks after operation, was 32% for the 
pancreaticoduodenal transplant procedure and 26% for 
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TABLE 4. Blood Sugar, Serum Insulin and Body Weight Following Removal of Pancreas Transplants in 19 Rats One to Two Years After 
è Transplantation. 
ea a a ee ÉRIC EE 
Mean Blood Glucose Mean Serum Insulin 
(mg S.E.) (ng/ml+S.E.) 
Pancreatico- Duct-ligated — Pancreatico- 
duodenal Pancreas duodenal 
Transplant * Transplant f Transplant 


Son beanie aa seti m mage M a rea a S PA Mr rra imer rta rara o 


Mean Body Weight 
(gm S.E.) 
Duct.ligated — Pancreatico- Duct-ligated 
Pancreas duodenal Pancreas 
Transplant Transplant Transplant 


n= 12 


n=7 n= 12 


n=7 n= 12 


M M ee tne r oo asa 


Prior to graft removal 

| week after graft removal 
2 weeks after graft. removal 
3 weeks after graft removal 
4 weeks after graft removal 


763 
399+ 65* 
333+49* 
302+2* 

400* 


*P=<0.05 to «0.001 compared to values prior to graft removal 


304+44* 
223+ 48* 
215+30* 
261+ 46* 


91+2 1.85+0.05 

0.63+0.09* 
0.762 0.06* 
0.73: 0.04* 


0.38* 


1.00+0.7 
0.72+0.13 
0.69+0.13 
0.74+0.12* 
0.54+0.17* 


473: 17 
421+ 16* 
381-26* 
387 x43* 
338* 
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t In the pancreaticoduodenal transplant group, 11 grafts were removed after one year and | was removed after two years 


In the duct-ligated pancreas transplant group, | graft was removed after 18 months, 2 were removed after 20 months, 3 were removed after 22 


months and | was removed after 25 months. 


transplantation of the duct-ligated pancreas. The animals 
with duct-ligated pancreas transplants showed no signs of 
. pancreatitis or systemic toxicity at any time during the 
study, and they were clinically indistinguishable from the 
rats with pancreaticoduodenal transplants. 


Removal of the Transplant 


Table 4 and Figs. 5 and 6 show the effects of removal of 
pancreas transplants on blood sugar, serum insulin and 
body weight in 19 rats that had been relieved of diabetes 
by transplantation. Eleven of the 12 pancreaticoduodenal 
grafts were removed one year postoperatively, while all 
seven duct-ligated pancreas transplants were removed 
between 18 and 25 months after operation. Every animal 
had an immediate and sustained rise in blood glucose, an 
immediate and sustained fall in serum insulin, and a pro- 
gressive loss of body weight following removal of the 
graft. 1n 17 of the 19 rats the blood glucose level ex- 
ceeded 200 mg % and in eight it rose above 400 mg %. 
Recurrence of diabetes was accompanied by a progres- 
sive decline in health, and death of most of the rats within 
one month. As previous studies have demonstrated, 
these results indicate that alloxan diabetes is permanent, 
unlike diabetes induced with streptozotocin which fre- 
quently disappears with time. 


Pancreas Pathology 


Examination of the host pancreas at monthly intervals 
up to two years after exposure to alloxan showed col- 
lapse of the islets of Langerhans and permanent disap- 
pearance of almost all of the beta cells. There was no 
evidence of repair with time, and specimens examined 
two years after induction of diabetes were indistinguish- 
able from those removed after one or two months. 

Pancreaticoduodenal grafts examined serially up to 
two years after transplantation had all of the features of 
the normal pancreas of similar age. The acini, ducts and 


islets of Langerhans were well-preserved and beta cell 
granules were abundant. 

The morphologic changes in the duct-ligated pancreas 
transplant were of particular interest. During the first two 
months after transplantation there was mild to moderate 
chronic inflammation consisting mainly of plasma cells 
and some lymphocytes. Subsequently, evidence of in- 
flammation was absent or mild. The most striking features 
during the first several months were dilatation and prolif- 
eration of the pancreatic ducts accompanied by marked 
atrophy of the acini, moderate fibrosis and replacement 
of the parenchyma by fat. By one year, the parenchyma 
of the pancreas had undergone almost complete atrophy 
and consisted mainly of fat, some fibrous tissue and some 
dilated ducts. This picture underwent little change during 
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Fic. 5. Blood glucose, serum insulin and body weight following removal 
of pancreaticoduodenal transplants after 12-24 months in 12 rats. Elev- 


en grafts were removed after one year and one graft was removed after 
two years. 
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Fic. 6. Blood glucose, serum insulin and body weight following removal 
of duct-ligated pancreas transplants after 18-25 months in 7 rats. One 
graft was removed after 18 months, two after 20 months, three after 22 
months and one after 25 months. 


the second postoperative year. The islets of Langerhans 
remained intact during the first several months after 
transplantation. However, at about six months after 
transplantation fragmentation of the islets was observed, 
and appeared to result from invasion by dilated ducts, 
Despite the fragmentation, abundant islet tissue was 
found in every specimen up to two years postoperatively, 
and plentiful beta cell granules were demonstrated by the 
Gomori aldehyde fuchsin stain. 


Systemic Pathology 


A detailed description of the pathologic changes in the 
kidney, eye, peripheral nerves, brain and blood vessels 
will be the subject of a separate communication. 
Pathologic abnormalities in the kidneys of diabetic con- 
trol rats were first observed in specimens examined nine 
months after induction of diabetes. hese changes pro- 
gressed during the second year of the disease. The 
glomeruli showed mesangial hyperplasia, thickening of 
the basement membrane and fibrosis of Bowman’s cap- 
sule. The tubules contained large quantities of protein in 
the lumen, and there was thickening of the basement 
membrane that progressed to focal fibrosis of the tubules. 
The interstitium was infiltrated by lymphocytes and 
plasma cells and underwent focal fibrosis. Finally, there 
was progressive hyalinization of the blood vessels. 

The eyes of diabetic control rats developed severe 
abnormalities. In addition to the previously mentioned 
cataracts, there was neovascularization of the corneal 
stroma, edema of the corneal epithelium, vacuolization 
of the corneal endothelium and formation of a neovascu- 
lar membrane behind the cornea. Hemorrhage into the 
anterior chamber was not uncommon. In the retina, there 
was progressive loss of all cellular components and 
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neovascularization on the surface with some vessels ex- 
tending into the vitreous. : 

Examination of peripheral nerves showed severe vas- 
cular sclerosis, progressive demyelination and heavy de- 
posits of interstitial crystals in the diabetic control ani- 
mals. 

The pathologic findings in the animals with both pan- 
creaticoduodenal transplants and duct-ligated pancreas 
grafts were strikingly fewer and less severe than those 
seen in the diabetic controls. In large measure, transplan- 
tation of the pancreas prevented the systemic pathologic 
abnormalities associated with alloxan diabetes for the life 
span of the rat. 





Discussion 


The results of this study indicate clearly that pancreas 
transplants were consistently capable of good endocrine 
function and control of alloxan-induced diabetes 
throughout the normal two-year life span of the rat. The 
permanent nature of alloxan diabetes and its cure by 
transplantation of the pancreas were confirmed by the 
prompt recurrence of the disease following removal of 
the grafts at intervals ranging from one to two years 
postoperatively. 

Of potentially more far-reaching consequence, the re- 
sults of this study show that pancreas transplantation 
prevented the widespread systemic manifestations of 
diabetes mellitus. The diabetic control rats developed 
severe pathologic abnormalities in the kidneys, eyes and 
nerves, many of which were similar to those that have 
been observed in the human disease. The prevention of 
the progressive renal lesions by pancreas transplantation 
confirms the observations made by Weil and his col- 
leagues and by Mauer and his associates in shorter-term 
studies with transplants of both whole pancreas and iso- 
lated islets of Langerhans.'^!? Whether or not transplan- 
tation of the pancreas will stabilize or reverse already 
established systemic abnormalities remains to be estab- 
lished. 

The results obtained with the duct-ligated pancreas 
transplants are noteworthy. There has been a general 
impression, unsubstantiated by detailed long-term 
studies, that ligation of the pancreatic ducts causes au- 
todigestion of the gland and severe pancreatitis, and ul- 
timately leads to destruction of the islets of Langerhans 
and diabetes. This impression has arisen from experi- 
ments involving autotransplantation of segments of the 
pancreas, a procedure beset with technical difficulties 
related to transection of the pancreas and inadequate 
blood supply to the graft because of small vessel size and 
segmental vascular anatomy.^*:37!* The applicability of 
the results of these studies to transplantation of the whole 
pancreas as an auxilliary graft is highly questionable. In 
the only reported study involving the whole pancreas, 
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DeGruyl and his colleagues found that ligation of the 
pahcreatic duct in the dog was followed by normal serum 
insulin levels and glucose tolerance curves for two years.* 
Moreover, DeGruyl reported that autotransplantation of 
the duct-ligated whole pancreas in the dog, although 
associated with a high rate of technical failure, resulted in 
ə few survivors that had normal endocrine function for up 
to three years. 

By all criteria used in this study, the duct-ligated pan- 
creas transplants were as effective as pan- 
creaticoduodenal grafts in controlling diabetes. 
Moreover, the operative mortality rate associated with 
transplantation of the duct-ligated pancreas was lower 
than that of pancreaticoduodenal transplantation, and 
there was no clinical evidence of pancreatitis or toxicity. 
The characteristic morphologic features of the duct- 
ligated pancreas were dilatation of the ducts and atrophy 
of the acini, not pancreatitis, and the islet tissue, al- 
though fragmented, remained viable with abundant beta 
cell granules. 

There have been conflicting reports regarding the 
necessity of providing venous drainage of pancreas 
transplants into the portal system. Some investigators 
have suggested that systemic venous drainage results in 
high serum insulin levels and hypoglycemia because of 
bypass of hepatic insulin metabolism.':!9!5 Other workers 
have failed to observe any difference between portal and 
systemic venous drainage of the transplant.?? The results 
of this study indicate that venous drainage of the pan- 
creas graft into the inferior vena cava was associated 
with normal endocrine function so that portal venous 
drainage appears unnecessary. 

The use of syngeneic grafts in inbred animals provided 
an ideal experimental model for these studies of the 
physiological function of the transplanted pancreas. 
Whether or not similar results can be achieved with pan- 
creas allografts beset by the familiar problems of im- 
munologic rejection remains to be determined. To date, 
45 pancreas allografts have been transplanted in human 
subjects.^? Only two patients are currently alive with 
functioning grafts. The longest survivor of a pancreas 
allograft is living 2.8 years after transplantation. While 
control of hyperglycemia clearly has been accomplished, 
reversal or stabilization of the vascular complications of 


DISCUSSION 


Dg. KEITH REEMTSMA (New York City): This excellent study by Dr. 
Orloff and his colleagues emphasizes the importance of long term 
studies in experimental diabetes. 

He has asked several important questions related to whole organ 
transplantation. This technic introduces certain problems, and for this 
reason we have asked the question of whether one can achieve the same 
metabolic results by transplanting islets. The answer is yes. 

Dr. Collin Weber in our laboratory at Columbia has shown reversal of 
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diabetes has not yet been established. The results of the 
present study provide hope that such mav be possible. 
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the diabetic state in animals for one vear following transplant of the 
isolated islets in isologous strains. 

Our control animals, as in Dr. Orloffs study. remained diabetic, 
while those receiving islet isografts had normal fasting glucose levels 
10-12 months following transplantation. They also have normal glucose 
tolerance curves. 

However, the reason I rise to discuss this is to mention the insulin 
and glucogon levels in animals that received isolated islet transplants. 
These levels were determined 10—12 months following transplantation. 

The interesting observation is that, in comparison with findings in 
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normals and contro! diabetic animals, the insulin and glucogon levels 
are all elevated in these islet recipients twelve months following trans- 
plantation. 

These findings emphasize the importance of studies such as Dr. 
Orloff's which give us comprehensive, long term results. 


Dr. WALTER F. BALLINGER. H (St. Louis): As some of you know, we 
too prefer the use of isolated islets of Langerhans as a sub-organ form of 
transplantation for several reasons. First, it’s a smaller volume of a 
transplanted tissue. Secondly, it relieves the animal of the exocrine 
secretion which Dr. Orloff now suggests may be well controlled by 
ductal ligation. And, thirdly, and I think most importantly, avoids the 
very complex vascular anastomosis that are required. 

Dr. Orloff and his group are to be complimented on the simply 
marvelous microvascular technique that they have developed. 

As we see it, there are four major problems that still remain. First, in 
all of our experiments—and 1 hope Dr. Orloff might comment on this— 
in spite of the fact that normoglycemia is consistently maintained 
throughout or up to two years, whenever the animals have glucose 
tolerance curves performed, they are not identical to normal animals 
and, in fact, when the rats, or now monkeys, are stressed by a variety of 
means, the glucose tolerance curves tend to return toward the diabetic 
state. This is an unanswered question, however, but I think an impor- 
tant one. 

Furthermore, other similar metabolic studies such as insulin 
stimulatory tests, tolbutamide stimulation studies, reveal the animals to 
be not completely normal. 


Secondly, there are problems with isolation of islets. Certainly as Dr. 
Reemtsma knows, isolation of the islets in the rat is relatively simple, 
but in the monkey and in man the pancreas is a compound organ and 
somewhat different from the rat. And, isolation problems are still se- 
vere. 

Thirdly, the problems of tissue preservation will always be with us 
until we develop some other technique not yet in sight. 


Fourthly, the problem of immunosuppression in the severely ill 
diabetic, I think, is a problem we have not yet adequately addressed 
ourselves to. 

Now, the goal of transplantation in diabetes is not normoglycemia. 
We can do that with exogenous insulin today. The goal is to restore 
some sort of glucogon insulin islet balance in order to prevent the long 
range complications of diabetes. We have not yet seen the complica- 
tions that Dr. Orloff has described in his animals. We have seen a 
non-specific protein deposition in the basement membrane in the renal 
vasculature, but have not seen many cataracts. We have seen no clear- 
cut diabetic nephropathies or any vascular lesions. 

So I’m fascinated by the return to normal in these diabetic animals 
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and I hope as he cut short his talk he might dwell on this somewhat 
further. | might ask whether he tested these animals to see if their 
metabolic studies do remain normal or whether they revert to the 
diabetic state. 


Dn. MARSHALL J. ORLOFF (Closing discussion): The two competing 
hopeful forms of therapy in dealing with transplantation for diabetes 
are, of course, transplantation of the whole organ. as described in our 
presentation, and the transplantation of the isolated islets. 

| think several questions remain about both forms of transplantation 
in the allograft situation. The key to answering these questions, of 
course, is that by starting with the isograft situation without im- 
munosuppression and immunologic rejection is carrying out the studies 
for a very long period of time, but there is a considerable question about 
whether the diabetes that is observed for both islets and whole organ 
will persist. 

I think our studies have demonstrated that during the full lifespan of 
a diabetic rat, which might be comparable to some 60 or 70 years in the 
human being, the diabetes was relieved by the whole organ. I'm sure 
that the same would be true with isolated islets. 

We did perform some glucose tolerance tests and some thalbutamide 
tolerance tests in these animals and we have observed perfectly normal 
glucose tolerance tests with the whole organ which is different from the 
findings Dr. Ballinger and his group have reported previously with the 
isolated islets. Perhaps that's simply a matter of the amount of insulin 
secretion and the degree of control of the diabetic state. 

The pathologic changes are very interesting because they are not 
impressive for the first nine months or year of the studies. Most of the 
work in this field has been confined to that relatively short term period. 

But at or about nine or ten months, changes in the kidney begin to 
appear and consist of xangio-hyperplasia and thickening of the base- 
ment membrane and the glomeruli. some vacuolization of the tubules. 
infiltration of the interstitium with plasma cells, and beginning hyalinza- 
tion of blood vessels and there are very minimal changes at that period. 

As one goes into the second year, they become more prominent so 
that they achieve a kidney pathology which, in many respects, is similar 
to that seen in Kimmelstiel- Wilson's Disease in man. 

The ocular changes are absolutely spectacular. There is formation of 
neovascular membrane on the cornea and retina. There is practically 
complete destruction of the retina and progressive disappearance of all 
the cells and, again. findings similar to the retinopathy that is found in 
man. But these can only be demonstrated, and in fact, the relief can 
only be demonstrated by the long term studies. 

I think the issue is not yet settled about whether islet cell transplanta- 
tion or transplantation of the whole organ will be the best approach to 
this problem. Certainly, both avenues must be approached and con- 
tinued further. 
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or the patient with a terminal illness, PAIN past, present, and future can dominate 
is thoughts until it becomes almost an obsession. The more he is aware of the pain 
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—1 capsule every 3 to 4 hours as needed. For further details see 
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Marcaine® (Brand of bupivacaine hydrochloride) 
is the local anesthetic that provides the longest 
duration of action among commonly used local 
anesthetics. Which minimizes the problems during 
“continuous” technique or repeat doses. 

Marcaine also provides the longer postoperative 
analgesia. Which reduces the need for postoperative 
narcotics. 

And in data in over 3,000 patients, Marcaine was 
reported to have excellent or satisfactory results 
in more than 96% of cases. 


Extended anesthesia for 


the surgeon 


In regional blocks, Marcaine 
usually provides anesthesia at 
least 11⁄2 to 2 times longer and 
occasionally even longer than 
lidocaine or mepivacaine. And 
approximately 20% longer than 
tetracaine. As established in sev- 
eral thousand surgical and ob- 
stetrical patients.'? 

In fact, a single Marcaine in- 
jection may be enough for up to 
3/5 hours of anesthesia for sur- 
gery,^^ and often provides anal- 
gesia that carries over into the 
recovery room and beyond.’ 
When necessary, doses may be 
repeated up to once every three 
hours. Caution is advised in 
administration of repeat doses 
to patients with severe liver dis- 
ease. Until further experience is 
gained, total daily dose of 
400 mg. should not be exceeded 


Chart I 
Duration of anesthesia 
Percentage of patients experiencing 
anesthetic effect— 
Comparison of Marcaine 
and other local anesthetics* 


% of patients experiencing anesthetic effect 
(at least six hours after injection) 


»Marcaine 96 pts. 

=æ letracaine 66 pts. 

» Lidocaine 24 pts. 

= Mepivacaine 17 pts. 
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Hours after injection 


cient doses used for bilateral, simultaneous 

blocks of sciatic/ femoral, intercostal, or 
brachial/ axillary nerves. Adapted from Moore, 
D. C.: Data in the files of the Sterling- Winthrop 
Research Institute. 


Extended postoperative analgesia 


for the patient 


Marcaine gives your patient 
more—considerably more—post- 
anesthetic analgesia than other 
local anesthetics in various types 
of nerve blocks.^?*'? An anal- 


` “% gesia that persists after the return 
4 Of sensation. As a result, you 





nor is administration to children 
under 12 recommended. 

This longer anesthetic action 
can minimize problems during 
“continuous” technique or repeat 
doses. Thus, there is the further 
advantage of a reduced likeli- 
hood of introducing infection 
since injections are less frequent. 


à may be able to defer,” and some- 
| times even eliminate, postoper- 


ative narcotics. The table above 


; right illustrates the average dura- 


tion of time between the initial 
Marcaine injection and the need 
for post-op analgesics. 

As can be seen in Chart II, 
many of the 67 patients given 
Marcaine with epinephrine cau- 
dally for rectal surgery did not 
complain of pain for 12 hours or 
longer following induction. In 
another group of 40 patients"? 
given Marcaine or mepivacaine 





locally for tonsillectomy, 
Marcaine pain relief lasted 3 to 
5 times longer than that provided 
by mepivacaine. And in a study! 
of 84 patients given Marcaine 
caudally for perineal surgery, com- 
plete sensation returned in approx- 
imately 81⁄2 hours for the average 
patient. And the majority of 
patients did not require a narcotic 
for an additional 1 to 3 hours. 
Chart II 
Duration of time between injection of 


Marcaine and need for postop 
analgesics t 


No. of 
patients 








Hours from initial injection to first 
hypodermic for pain 


T Average—exclusion of extremes and failures. 


Adapted from Lund, PC., et al.: Anesth. Analg. 


49:103, Jan.-Feb. 1970. 
Excellent clinical acceptance 

Marcaine was administered to 
3,112 patients for various types 
of local anesthesia.'' Of these 
patients, only 2 experienced a 
systemic reaction. Although 
Marcaine has a very wide safety 
margin, adverse reactions char- 
acteristic of those associated with 
other amide local anesthetics 
may occur. 

Marcaine is indicated for most 
anesthetic blocks; however, un- 
til further clinical experience 
is gained, paracervical block is 
not recommended. 


See important product information concerning 
warnings, adverse reactions, patient selection, 
and prescribing and precautionary recommen- 
dations on next page. 


Extends the limits of time in anesthesia “ 
Extends the limits of time in postoperative analgesia «^ 


Marcaine 


Brand of 


vacaine hydrochloride 
One local does both 


bupiva 
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MARCAINE® Hydrochloride 
Brand of bupivacaine hydrochloride 


Actions: Parenteral administration of 
Marcaine stabilizes the neuronal mem- 
brane and prevents initiation and transmis- 
sion of nerve impulses, thereby effecting 
local anesthetic action. 

Indications: Peripheral nerve block, infil- 
tration, sympathetic block, caudal, or epi- 
dural block. 

Contraindication: Marcaine is contraindi- 
cated in patients with known hypersensi- 
tivity to it. 

Warnings: RESUSCITATIV E EQUIP- 
MENT AND DRUGS SHOULD BE 
READILY AVAILABLE WHEN ANY 
LOCAL ANESTHETIC IS USED. 
Usage in Pregnancy. Reproduction studies 
have been performed in rats and rabbits 
and there is no evidence of harm to the 
animal fetus. The relevance to the human 
is not known. Safe use in pregnant women 
other than those in labor has not been 
established. 

Until further clinical experience is gained, 
paracervical block with Marcaine is not 
recommended. Fetal bradycardia fre- 
quently follows paracervical block with 
some amide-type local anesthetics and 
may be associated with fetal acidosis. 
Added risk appears to be present in pre- 
maturity, toxemia of pregnancy, and fetal 
distress. 

The obstetrician is warned that severe per- 
sistent hypertension may occur after ad- 
ministration of certain oxytocic drugs, if 
vasopressors have already been used dur- 
ing labor (e.g., in the local anesthetic solu- 
tion or to correct hypotension). 

Solutions containing a vasoconstrictor, 
particularly epinephrine or norepineph- 
rine, should be used with extreme caution 
in patients receiving monoamine oxidase 
(MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because 
severe, prolonged hypertension may result. 
Until further experience is gained in chil- 
dren younger than 12 years, administra- 
tion of Marcaine in this age group is not 
recommended. 

Precautions: The safety and effectiveness 
of local anesthetics depend upon proper 
dosage, correct technique, adequate pre- 
cautions, and readiness for emergencies. 
The lowest dosage that gives effective 
anesthesia should be used, to avoid high 
plasma levels and serious systemic side 
effects. Injection of repeated doses of 
Marcaine may cause significant increase 


in blood levels with each repeated dose, 
due to accumulation of the drug or its 
metabolites or due to slow metabolic 
degradation. Tolerance varies with the 
status of the patient. Debilitated, elderly 
patients and acutely ill patients should be 
given reduced doses commensurate with 
age and physical condition. 

Solutions containing a vasoconstrictor 
should be used cautiously in areas with 
limited blood supply, in the presence of 
diseases that may adversely affect the pa- 
tient's cardiovascular system, or in pa- 
tients with peripheral vascular disease. 
Marcaine (bupivacaine hydrochloride) 
should be used cautiously in persons with 
known drug allergies or sensitivities, partic- 
ularly to the amide-type local anesthetics. 
Serious dose-related cardiac arrhythmias 
may occur if preparations containing a 
vasoconstrictor such as epinephrine are 
employed in patients during or following 
the administration of chloroform, halo- 
thane, cyclopropane, trichloroethylene, 
or other related agents. In deciding 
whether to use these products concur- 
rently in the same patient, the combined 
action of both agents upon the myocar- 
dium, the concentration and volume of 
vasoconstrictor used, and the time since 
injection, when applicable, should be 
taken into account. 

Caution is advised in administration of 
repeat doses of Marcaine to patients with 
severe liver disease. 

Adverse Reactions: Reactions to Marcaine 
are characteristic of those associated with 
other amide-type local anesthetics. A 
major cause of adverse reactions to this 
group of drugs is excessive plasma levels, 
which may be due to overdosage, inad- 
vertent intravascular injection, or slow 
metabolic degradation. Other causes of 
reactions to these local anesthetics may 
be hypersensitivity, idiosyncrasy, or 
diminished tolerance. 

Excessive plasma levels of the amide-type 
local anesthetics cause systemic reactions 
involving the central nervous system and 
the cardiovascular system. The central 
nervous system effects are characterized 
by excitation or depression. The first man- 
ifestation may be nervousness, dizziness, 
blurred vision, or tremors, followed by 
drowsiness, convulsions, unconsciousness, 
and possibly respiratory arrest. Since 
excitement may be transient or absent, the 
first manifestation may be drowsiness, 
sometimes merging into unconsciousness 
and respiratory arrest. Other central ner- 
vous system effects may be nausea, vomit- 
ing, chills, constriction of the pupils, or 
tinnitus. The cardiovascular manifesta- 


tions of excessive plasma levels may in- 
clude depression of the myocardium, 
blood pressure changes (usually hypoten- 
sion), and cardiac arrest. 

Allergic reactions are characterized by * 
cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. De- 
tection of sensitivity by skin testing is of 
doubtful value. 

In obstetrics, cases of fetal bradycardia 
have occurred. 

Treatment of Reactions. Toxic effects of 
local anesthetics require symptomatic 
treatment; there is no specific cure. The 
physician should be prepared to maintain 
an airway and to support ventilation with 
oxygen and assisted or controlled respira- 
tion as required. Supportive treatment of 
the cardiovascular system includes intra- 
venous fluids and, when appropriate, 
vasopressors (preferably those that stimu- 
late the myocardium, such as ephedrine 
and metaraminol). 

Convulsions may be controlled with oxy- 
gen and intravenous administration, in 
small increments, of a barbiturate or mus- 
cle relaxant, as follows: preferably, an 
ultrashort-acting barbiturate such as thio- 
pental or thiamylal; if this is not available, 
a short-acting barbiturate (e.g., secobarbi- 
tal or pentobarbital) or a short-acting 
muscle relaxant (succinylcholine). Intra- 
venous muscle relaxants and barbiturates 
should only be administered by those 
familiar with their use. 


References: 1. Moore, D. C., Bridenbaugh, L. D., 
Bridenbaugh, P. O., et al.: Bupivacaine, a review 
of 2,077 cases, J.A. M.A. 214: 713, Oct. 26, 1970. 
2. Moore, D. Č. Bridenbaugh, L. D., Briden- 
baugh, P O., et al.: Bupivacaine for peripheral 
nerve block: a comparison with mepivacaine, 
lidocaine and tetracaine, Anesthesiology 32:460, 
May 1970. 3. Hollmen, À.: Axillary plexus block: 
a double-blind study of 59 cases using mepiva- 
caine and LAC-43, Acta Anaesthesiol. Scand., 
Suppl. 21:53, 1966. 4. Herbring, B. G.: A com- 
parative study of LAC-43, mepivacaine and tetra- 
caine in caudal anesthesia, Acta Anaesthesiol. 
Scand., Suppl. 21:45, 1966. 5. Bromage, P R.: A 
comparison of bupivacaine and tetracaine in epi- 
dural anesthesia for surgery, Can. Anaesth. Soc. 
J. 16:37, Jan. 1969. 6. Lund, P C., Cwik, J. C., 
and Vallesteros, E: Bupivacaine—a new long- 
acting local anesthetic agent, a preliminary clini- 
cal and laboratory report, Anesth. Analg. 49:103, 
Jan.-Feb. 1970. 7. Ekblom, L. and Widman, B.: 
A comparison of the properties of LAC-43 prilo- 
caine and mepivacaine in extradural anaesthesia, 
Acta Anaesthesiol. Scand., Suppl. 21:33, 1966. 
8. Moore, D. C.: Data in the files of the Sterling- 
Winthrop Research Institute. 9. Wise, G. E: 
Guest Discussion, Anesth. Analg. 49:113, Jan.- 
Feb. 1970. 10. Puento-Egido, J. J., Dudeck, J., 
and Nolte, H.: The clinical use of the local anes- 
thetic agent Marcaine (Carbostesin®), Anaes- 
thesist 16:224, August 1967. 11. Data in the files 
of the Sterling-Winthrop Research Institute. 
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skin closing system 


Faster than tying and more secure. 


You can apply several Suturematic stainless steel 
clips in the time it takes to tie one suture. And Suture 
matic overcomes the problem of knot slippage with 
man-made suture filaments. Healing is better because 
with Suturematic closing, incision edges approximate 
easily and evert neatly. 

Cosmetically, the Suturematic method achieves heal- 
ing with minimum scarring because the suture cross 
over ofthe incision used in traditional tying is eliminated. 

For substantial time savings with improved security, 
consider changing to Suturematic closing. 

For additional information and demonstration, see 
your Weck representative. 








® 
WECK i ccvirany.inic 


Suturematic™ Clip Applier #522-4 10 Department 003, 49-33 31stPlace, Long Island City, New York 11101 
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site specific 


The gastrointestinal tract of man contains 
an abundance of microorganisms composed 
predominantly of anaerobic bacteria. The geo- 
graphic location of these bacteria in the intes- 
tine may explain the different rates of 
infectious complications associated with inju- 
ries to different parts of the gastrointestinal 
tract. Soilage from the upper portion of the 
small bowel is usually associated with a lower 
rate of infection than from the lower small 
bowel and colon. 


Intra-abdominal infections: Intra-abdomi- 
nal infections may complicate penetrating ab- 
dominal wounds, particularly when the 
integrity of the bowel has been compromised. 
Such complications are frequently asso- 
ciated with trauma resulting from automobile 
accidents or criminal violence (such as gunshot 
wounds or stabbings). Anaerobic infections 
may occur as postsurgical complications. Peri- 
tonitis and abscess formation may cause partic- 
ular problems. Intra-abdominal infections may 
also occur when bowel tissue becomes necrotic 
or nonviable as in cases of vascular compro- 
mise, embolic disease, obstruction, strangula- 
tion, toxic dilatation, and similar conditions 
characterized by tissue anoxia. 

Appropriate therapy for the infectious com- 
plicationsisoften a concern of many physicians. 


..and how to manage them: The initiation of 
antibiotic therapy, particularly when perito- 
nitis exists, may be a matter of immediate 
importance. In such emergency situations, the 
surgeon's selection of an antibiotic is frequently 
made on the basis of scant etiologic evidence. 
However, his knowledge of the specific normal 
flora in a given area of the bowel and how the 
flora can be altered by certain pathologic con- 
ditions will aid him greatly in his antibiotic 
selection. 


Therapy which must be initiated presump- 
tively may be chosen discriminatively: 
While inspection of Gram-stained speci- 
mens may prove useful, and cultures from 
the infection site will eventually provide 
valuable diagnostic information for the 
surgeon, the bestcluetoimmediate anti- 
biotictherapy may bethelocationofthe 
infection. In the normal healthy 
adult, there is well-defined coloniza- 
tion by specific microorganisms in 
specific sites of the gastrointestinal 
tract. Thus a guide to the normal 
inhabitants of various areas may be 
helpful in suggesting the proper 
therapeutic agent. 
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E] The stomach, and proximal and middle small bowel: Here facultative 
enterococci, lactobacilli and anaerobes (originating in the oral cavity) exist in 
a concentration of 10° or less organisms per ml of contents. Bacteroides fragili: 
is virtually absent. Gastric acidity in this area limits the growth of many bac: 
teria; therefore, most of the organisms are acid-resistant. In the middle portior 
of the small bowel there is sparse indigenous bacterial colonization, largely 
because of pronounced motility of this region. 


| 
| The distal small bowel: In the ileum, enterococci and lactobacilli are seer 
Guide to the normal in approximately the same quantities that occur in the stomach and duode 
adult intestinal num. Coliforms are also observed—as are obligate anaerobes. Bacteroide; 
microflora fragilis and other fecal anaerobes first appear at this level. In fact, aerobic an« 
anaerobic bacteria exist here in roughly equal proportions. The ileoceca 
valve, if functioning properly, provides a barrier against colonization by feca 
anaerobes from the large bowel into this area. Beyond the ileocecal valve ther 
exists an environment best suited to the proliferation of obligate anaerobes 
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The large bowel: Anaerobic microorganisms predominate the large intes 
tine (10" organisms per gram of contents). Obligate anaerobes outnumbe 
Escherichia coli 1,000 to 10,000 to one in the large intestine, an 
Bacteroides fragilis is the anaerobic organism most frequently en 
countered. Other anaerobes, such as peptostreptococci, clostridia 
fusobacteria, and eubacteria are also seen although not so profusely 
Facultative aerobes are in the decided minority here, but their quan 
tity is no less than elsewhere in the intestinal tract. Enterococci aní 
lactobacilli are each present in concentrations of about 106 to 10 
organisms per gram of contents. Escherichia coli is most common 
followed by enterococci (Streptococcus faecalis and Streptococcu 
faecium), proteus, pseudomonas, and klebsiella. Staphylococcu 
aureus and Candida albicans are also present in the large bowel o 
healthy, normal individuals. The pathogenic potential of each o 
these microorganisms should never be overlooked. 

Because the large bowel contains many different species o 
bacteria, disease or trauma in this area may present a specia 
challenge. Accordingly, it is important to remember that n 
known single agent has proved to be uniformly effective agains 
all of these organisms. 


Variations in the normal microflora: The normal microflor 
of the intestinal tract may be substantially altered in certain path 
ological conditions. These alterations depend upon the patient' 
medical history and the nature of his present illness. If, for ex 
ample, the patient has achlorhydria, tissue ischemia, reduce: 
intestinal motility, blind loop syndrome or stasis, or has ha: 
previous antibiotic therapy or bowel surgery, significan 
changes in the microflora of the bowel may be observed. Whei 
gastric secretion, intestinal motility or anatomic integrity i 
altered, the flora of the small bowel may be affected. Unde 
these conditions large numbers of facultative aerobes (e.g 
Escherichia coli) and obligate anaerobes (Bacteroides fragili 
and other fecal anaerobes) may be found in this area. A mal 
functioning ileocecal valve could permit these aerobic an 
anaerobic bacteria to colonize the ileum. 


Problems in diagnosis: Even though the methods currently use 
for culturing anaerobes have been greatly improved, bacterial culture 
from intra-abdominal sites can be diagnostically misleading. Anaerobe 
are the most often overlooked category of potentially pathogenic organism 
because their detection demands meticulous collection and culture tecl 
niques. The cultivation of certain anaerobes may require up to ten days c 
incubation, and even a brief exposure to air can kill many of them. Multipl 
pathogens are frequently encountered, and one organism can overgrow at 
other on the culture plate. Blood cultures can be similarly deceptive, since a 
significant pathogens in a mixed infection are rarely isolated in a single cultur: 

Sometimes only the consistent reappearance of a given microorganisr 
in repeated cultures is the clue to clinical importance. 


Please turn page for information on one antibiotic of significance 
in the treatment of serious anaerobic intra-abdominal infections. P | 
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Therapeutic considerations... 


Anaerobic activity: Cleocin? 
PO, (clindamycin phosphate 
injection) has proved to be effec- 
tive in a variety of serious intra- 
abdominal infections caused by 
susceptible anaerobic organisms 
including gram-positive cocci, 
and gram-positive and gram- 
negative bacilli. Specifically, the 
activity of clindamycin has been 
established in the following con- 
ditions: septicemia; serious 
intra-abdominal infections such 
as peritonitis and intra-abdomi- 
nal abscess; serious infections of 
the female pelvis and genital 
tract such as endometritis, non- 
gonococcal tubo-ovarian abscess, 
pelvic cellulitis, and postsurgical 
vaginal-cuff infection caused by 
susceptible strains of bacteroides, 
fusobacteria, eubacteria, actino- 
myces, peptococci, microaero- 
philic streptococci, and 
clostridia.* 

Since disc susceptibility 
testing with current methods is 
not reliable for anaerobes, in 
vitro dilution methods should be used to determine sus- 
ceptibility to clindamycin. 


Effective in serious aerobic gram-positive infections caused 
by susceptible streptococci, staphylococci, and pneumococci. 
The use of Cleocin PO, in gram-positive infections has been 
investigated both clinically and bacteriologically. Since it is 
a parenteral antibiotic, Cleocin PO, has been evaluated in 
serious infections. Its use in these infections should be re- 
served for penicillin-allergic patients for whom, in the judg- 
ment of the physician, a penicillin is inappropriate. 
Indications include: serious lower respiratory-tract in- 
fections such as pneumonia caused by susceptible staphylo- 
cocci; serious soft-tissue infections such as deep abscesses 
and deep traumatic or surgical wound infections caused by 
susceptible staphylococci and streptococci; septicemia caused 
by susceptible staphylococci and streptococci; and acute 
hematogenous osteomyelitis caused by susceptible staphylo- 
cocci. In many instances the evaluated cases have been sec- 
ondary to massive wounds, surgery, or debilitating disease. 





With few exceptions, the orga- 
nisms proved susceptible in vitro 
and were successfully eradicated 
from the clinical lesions. 


Other therapeutic considera- 


tions: 
1. Cleocin PO, is clinically 


effective in serious infections 
caused by penicillin-resistant or 
penicillinase-producing staphy- 
lococci. However, staphylococcal 
strains resistant to clindamycin 
have been encountered, and sus- 
ceptibility testing should be 
performed. 

2. Cleocin PO, is useful in 
patients who are sensitive to 
penicillin. Clindamycin does 
not share antigenicity with the 
penicillins; however, hypersen- 
sitivity reactions have been 
reported with clindamycin ther- 
apy. Ifa hypersensitivity reaction 
occurs, the drug should be dis- 
continued. Serious anaphylac- 
toid reactions require im- 
mediate emergency treatment 
with epinephrine. Oxygen and 
intravenous corticosteroids should also be administered as 
indicated. 

Thus, Cleocin PO, can fill a need for both penicillin- 
sensitive patients and those with serious infections caused 
by penicillin-resistant staphylococci. 

As with all antibiotics, Cleocin POs should be used 
with caution in atopic patients. Clindamycin has demon- 
strated cross-antigenicity with lincomycin. 

Cleocin PO, should be reserved for serious infections 
where less toxic antimicrobial agents are inappropriate, as 
described in the Indications Section of the brief summary on 
the following page. 











If significant diarrhea or colitis occurs during therapy, 
this antibiotic should be discontinued. (See WARNING 
box and summary of prescribing information on follow- 
ing page.) 











*Clostridia are more resistant than most anaerobes to clindamycin. Some species, e.g. 
C. sporogenes and C. tertium, are frequently resistant to clindamycin. 
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WARNING 
Clindamycin can cause severe colitis which may 
end fatally. Therefore, it should be reserved for 
serious infections where less toxic antimicro- 
bial agents are inappropriate, as described in the 
Indications Section. It should not be used in 
patients with nonbacterial infections, such as 
most upper respiratory tract infections. The 
colitis is usually characterized by severe, per- 
sistent diarrhea and severe abdominal cramps 
and may be associated with the passage of blood and mucus. Endo- 
scopic examination may reveal pseudomembranous colitis. 

When significant diarrhea occurs, the drug should be discon- 
tinued or, if necessary, continued only with the close observation 
of the patient. Large bowel endoscopy has been recommended. 

Antiperistaltic agents such as opiates and diphenoxylate with 
atropine (Lomotil®) may prolong and/or worsen the condition. 

Diarrhea, colitis, and pseudomembranous colitis have been 
observed to begin up to several weeks following cessation of ther- 
apy with clindamycin. 





Each ml contains: 


clindamycin phosphate equivalent to................... 150 mg 

clindamycin base 
bones abobil sek op ree eee x ehh COE ERE Oe REX EX 5 mg 
disoc TTR eOBEAG. Lisa es ex A REED Vx dre aq ea Ya e 0.5 mg 
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When necessary, pH adjusted with NaOH and/or HCl. 


Indications: Clindamycin is indicated in the treatment of serious 
infections caused by susceptible anaerobic bacteria. 

Clindamycin is also indicated in the treatment of serious infections 
due to susceptible strains of streptococci, pneumococci, and staphylo- 
cocci. Its use should be reserved for penicillin-allergic patients or other 
patients for whom, in the judgment of the physician, a penicillin is in- 
appropriate. Because of the risk of colitis, as described in the WARNING 
box, before selecting clindamycin the physician should consider the 
nature of the infection and the suitability of less toxic alternatives 
(e.g., erythromycin). 

Anaerobes: Serious respiratory tract infections such as empyema, 
anaerobic pneumonitis and lung abscess; serious skin and soft tissue 
infections; septicemia; intra-abdominal infections such as peritonitis 
and intra-abdominal abscess (typically resulting from anaerobic orga- 
nisms resident in the normal gastrointestinal tract); infections of the 
female pelvis and genital tract such as endometritis, nongonococcal 
tubo-ovarian abscess, pelvic cellulitis and postsurgical vaginal cuff 
infection. 

Streptococci: Serious respiratory tract infections; serious skin and soft 
tissue infections; septicemia. 

Staphylococci: Serious respiratory tract infections; serious skin and 
soft tissue infections; septicemia; acute hematogenous osteomyelitis. 

Pneumococci: Serious respiratory tract infections. 

Adjunctive Therapy: In the surgical treatment of chronic bone and 
joint infections due to susceptible organisms. 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy. 

Bacteriologic studies should be performed to determine the causative 
organisms and their susceptibility to clindamycin. 


Contraindications: History of hypersensitivity to clindamycin or 
lincomycin. 
Warnings:(See WARNING box.) Mild cases of colitis may respond 
to drug discontinuance alone. Moderate to severe cases should be 
managed promptly with fluid, electrolyte and protein supplementa- 
tion as indicated. Systemic corticoids and corticoid retention enemas 
may help relieve the colitis. Other causes of colitis should also be 
considered. 

A careful inquiry should be made concerning previous sensitivities 
to drugs and other allergens. Antagonism has been demonstrated be- 
tween clindamycin and erythromycin in vitro. Because of possible 





clinical significance, these two drugs should not be 
administered concurrently. 

Usage in Pregnancy: Safety for use in pregnancy 
has not been established. 

Usage in Newborns and Infants: When clinda- 
mycin phosphate is administered to newborns and 
infants, appropriate monitoring of organ system 
functions is desirable. 

Usage in Meningitis: Since clindamycin does not 
diffuse adequately into the cerebrospinal fluid, the 
drug should not be used in meningitis. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE 
EMERGENCY TREATMENT WITH EPINEPHRINE. OXYGEN AND 
INTRAVENOUS CORTICOSTEROIDS SHOULD ALSO BE ADMIN- 
ISTERED AS INDICATED. 


Precautions: Review of experience to date suggests that a subgroup 
of older patients with associated severe illness may tolerate diarrhea 
less well. When clindamycin is indicated in these patients, they should 
be carefully monitored for change in bowel frequency. Prescribe with 
caution in individuals with a history of gastrointestinal disease, par- 
ticularly colitis. 

Do not inject intravenously as an undiluted bolus; infuse as directed 
in package insert. Indicated surgical procedures should be performed 
in conjunction with therapy. Patients with very severe renal disease 
and/or very severe hepatic disease accompanied by severe metabolic 
aberrations should be dosed with caution and serum clindamycin 
levels monitored during high dose therapy. 

Prescribe with caution in atopic individuals. During prolonged 

therapy, periodic liver and kidney function tests and blood counts 
should be performed. Use may result in overgrowth of nonsusceptible 
organisms, particularly yeast. Should superinfection occur, adjust 
therapy as clinical situation dictates. Clindamycin has been shown to 
have neuromuscular blocking properties that may enhance the action 
of other neuromuscular blocking agents. Use with caution in patients 
receiving such agents. 
Adverse Reactions: Gastrointestinal: Abdominal pain, nausea, 
vomiting and diarrhea. (See WARNING box.) Hypersensitivity Reac- 
tions: Maculopapular rash and urticaria have been observed. Gen- 
eralized mild to moderate morbilliform-like skin rashes are the most 
frequently reported of all adverse reactions. Rare instances of erythema 
multiforme, some resembling Stevens-Johnson syndrome, have been 
associated with clindamycin. A few cases of anaphylactoid reactions 
have been reported. If a hypersensitivity reaction occurs, the drug 
should be discontinued. The usual agents (epinephrine, corticoste- 
roids, antihistamines) should be available for emergency treatment of 
serious reactions. Liver: Jaundice and abnormalities in liver function 
tests have been observed during clindamycin therapy. Hematopoietic: 
Neutropenia, eosinophilia, agranulocytosis and thrombocytopenia 
have been reported; no direct etiologic relationship to concurrent 
clindamycin therapy has been made. 

Local Reactions: Pain, induration and sterile abscess have been 

reported after intramuscular injection and thrombophlebitis after 
intravenous infusion. Reactions can be minimized or avoided by 
giving deep intramuscular injections and avoiding prolonged use of 
indwelling intravenous catheters. 
How Supplied: Available as sterile solution with each ml containing 
clindamycin phosphate equivalent to 150 mg clindamycin base. 
Ampoules of 2, 4 and 6 ml. 

Caution: Federal law prohibits dispensing without prescription. 

For additional product npn see your Upjohn representative. 
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may be implicated 

in a number of clinical situations, 

including... 

e septic abortions 

e deep wounds 

e bacteremia 

e metastatic or other abscesses in association 


with thromboembolic phenomena 


Sensitivity testing is always 
recommended prior to instituting 
therapy with Chloromycetin 
(chloramphenicol). However, in 
some situations, it may be neces- 
sary to administer Chloromycetin 
before sensitivity tests have been 
completed. 


Bacteroides are the most prevalent 
microbial flora of man. They are 
anaerobic, aero-intolerant, non- 
sporeforming, nonmotile, gram- 
negative bacilli. They most often 
appear in mixed infections, and are 
highly opportunistic. Further, they 
are very difficult to culture. 


Under normal conditions, bacte- 
roides are benign. But in infectious 
situations they can be extremely 
virulent. 


Fortunately, most bacteroides 
infections are susceptible to 
Chloromycetin (chlorampheni- 

col) therapy. Yet, all too often their 
presence goes undetected. So 
today, many authorities recommend 
early—and vigorous—treatment 
with Chloromycetin when the 
clinical impression suggests that a 
Bacteroides infection is present. 


Chloromycetin must be used only 
in those serious infections for 
which less potentially dangerous 


drugs are ineffective or 
contraindicated. 


But when bacteroides are impli- 
cated, Chloromycetin (chloram- 
phenicol) therapy may well be the 
conservative course. For, in such 
situations, the benefits-to-risk ratio 
with Chloromycetinis very favorable. 


See next page for full prescribing 
information. 
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Prescribing information —Chloromycetin 
(chioramphenicol) Sodium Succinate 
For intravenous administration 


WARNING 

Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. in addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when iess potentially dangerous 
agents will be effective, as described in the 
indications section. ft must not be used in the 
treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacteríal infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS IN- 
TENDED FOR INTRAVENOUS USE ONLY. IT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1. Chloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a lag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chloramphenicol is readily absorbed 
and adequate blood levels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 
dium succinate should be changed to the oral form 
as soon as practicable. 


DESCRIPTION 


Chloramphenicol is an antibiotic that is clinically use- 
ful for, and should be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on Clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml of a 1096 solution) of chloram- 
phenico! sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium. 


ACTIONS AND PHARMACOLOGY 


In vitro chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. lt is particularly active against Salmonella 
typhi and Hemophilus intluenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in celi-free systems. 
Chloramphenicol administered orally is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mcg/ml 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/mi after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 6895 to a 
high of 9996 over a three-day period. From 8% to 1296 
of the antibiotic excreted is in the form of free chlor- 
amphenicot; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenico! is 
relatively high, amounting to several hundred mocg/mi 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chioramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chloramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. However, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 





in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 
1. Acute infections caused by S typhi* 

it is not recommended for the routine treatment of 

the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 

accordance with the concepts expressed above. 

a) Salmonella species 

b) H influenzae, specifically meningeal infections 

c) Rickettsia 

d) Lymphogranuloma-psittacosis group 

e) Various gram-negative bacteria causing bacte- 
remia, meningitis, or other serious gram-negative infec- 
tions 

f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


"In the treatment of typhoid fever, some authorities recommend 


that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. /t must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
abie to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible. Treatment should not be continued 
tonger than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or. preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
A carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant, 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression teading to aplastic 
anemia with a high rate of mortality is characterized by 
the appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

in a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
teukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chloramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. if 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, 
urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. “Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 


a) In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of life, 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 
(1) abdominal distension with or without emesis; 
(2) progressive pallid cyanosis: 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chioramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as feasible, an oral dosage form of 
chloramphenicol should be substituted for the intra- 
venous form because adequate blood leveis are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

Intravenousiy as a 10% (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
such as water for injection or 5% dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. In exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.) Precise con- 
trol of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 

Children 

Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood levels in the range effec- 
tive against most susceptible organisms. Severe infec- 
tions (eg, bacteremia or meningitis), especially when 
adequate cerebrospinal fluid concentrations are desired, 
may require dosage up to 100 mg/kg/day; however, it is 
recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn Infants 
(See section titled Gray Syndrome under Adverse 
Reactions.) 


A total of 25 mg/kg/day in four equal doses at six- 
hour intervals usually produces and maintains concen- 
trations in blood and tissues adequate to control! most 
infections for which the drug is indicated. Increased 
dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of life, full-term infants ordinarily 
may receive up to a total of 50 mg/kg/day equally di- 
vided into four doses at six-hour intervals. These dosage 
recommendations are extremely important because 
blood concentration in all premature infants and full- 
term infants under two weeks of age differs from that 
of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and 
the kidneys. 

When these functions are immature (or seriously im- 
paired in adults), high concentrations of the drug are 
found which tend to increase with succeeding doses. 


Infants and Children with immature Metabolic Proc- 
esses 

in young infants and other children in whom imma- 
ture metabolic functions are suspected, a dose of 25 
mg/kg/day will usually produce therapeutic concen- 
trations of the drug in the blood. In this group par- 
ticularly, the concentration of the drug in the blood 
should be carefully followed by microtechniques. (In- 
formation available on request.) 


HOW SUPPLIED 
NDC 0071-1089-10 (Steri-Vial& No. 57) 

Chioromycetin (chloramphenicol) Sodium Succinate 
is supplied as a dried powder in Steri-Vials (rubber- 
diaphragm-capped vials). When reconstituted as di- 
rected, each vial contains a sterile solution equiva- 
lent to 100 mg of chloramphenicol per millifiter 
(1 g/10 ml). Available in packages of 10 vials. 
CHLOROMYCETIN, brand of chloramphenicol. Reg 
US Pat Off RJ 
PD-JA-1280-2-P (2-75) 


PARKE, DAVIS & COMPANY, Detroit, Michigan 48232 




















Speed is in your hands with 
ATRALEASE'" control release needled sutures. 


Super-Smooth ribbed needle. 
Easy to release with no change in technic 
for fast interrupted suturing. 


*Trademark 


the low-back patient and his problems: 


Sedentary job. Sits most of day in plush swivel chair, 
Sits slumped in overstuffed furniture at home. 
Sleeps on soft, sagging mattress. 

Gets little or no exercise during week . . not in 
very good shape. | | 
On Saturday mows lawn and plays 18 holes of golf. 


Leans over to retrieve ball . . . feels stabbing pain in 


lower back. | 
\ 





At work sit in straight chair with 

firm back .. . knees higher than 
hips. Prop feet on small footstool to 
elevate knees. Don’t sit in over- 
stuffed furniture. Never sit long in 
one position. . . get up frequently and 
move around. Exercise regularly to 
strengthen abdominal and low-back 
muscles and help prevent weekend 
flare-ups. Avoid sudden spurts of 
vigorous physical activity. A back 
support can help relieve pain and 
fatigue. 


mforts associated with acute, 
painful musculoskeletal disorders... 


the solution: 


-i 


"P 


ROBAXIN-750 


methocarbamol 


the Robaxin Regimen: 


Complete bed rest on a very firm mattress 
is usually indicated in the home treat- 


ment of acute low-back discomfort. 
Have patient insert section of ply- 


wood !$-34" thick between 


mattress and box springs. 
The use of moist heat is 
often very beneficial. 


Robaxin-750 is often indicated to 
relieve the discomforts associated 
with acute, painful musculoskeletal 
disorders. It is a well tolerated agent 
which can provide significant 

relief, usually without serious 
adverse reactions. 


750 mg. capsule- 
shaped tablets 


Indications: 

As an adjunct to rest, physical therapy, and other 
measures for the relief of discomforts associated 
with acute, painful musculoskeletal conditions. 
The mode of action of this drug has not been 
clearly identified, but may be related to its sedative 
properties. Methocarbamol does not directly relax 
tense skeletal muscles in man. 


Contraindications: 
Robaxin is contraindicated in patients hyper- 
sensitive to any of the ingredients, 


Warnings: 

Safe use of Robaxin has not been established with 
regard to possible adverse effects upon fetal 
development. Therefore, Robaxin should not be 
used in women who are or may become pregnant 
and particularly during early pregnancy unless in 
the judgment of the physician the potential 
benefits outweigh the possible hazards. 


Precautions: 
Safety and effectiveness in children below the age 
of 12 years have not been established. 


It is not known whether this drug is secreted in 
human milk. As a general rule. nursing should not 
be undertaken while a patient is on a drug since 
many drugs are excreted in human milk. 


Methocarbamol may cause a color interference in 
certain screening tests for 5-hydroxyindoleacetic 
acid (5-HIAA) and vanilmandelic acid (VMA). 


Adverse Reactions: 

Lightheadedness. dizziness, drowsiness. nausea. 

allergic manifestations such as urticaria. pruritus. 

rash, conjunctivitis with nasal congestion, blurred 
vision, headache, fever. 


Dosage and Administration: 
Initial dosage. 2 tablets q.i.d.; maintenance 
dosage, 1 tablet q.4h. or 2 tablets t.i.d. 


Six grams a day are recommended for the first 48 
to 72 hours of treatment. (For severe conditions 8 
grams a day may be administered.) Thereafter, 
the dosage can usually be reduced to approx- 
imately 4 grams a day. 


Also Available: 
ROBAXIN® (methocarbamol) 500 mg. 


See package insert for full prescribing information. 


A.H. Robins Company, Richmond, Va. 23220 


AH: ROBINS 
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Available as: 

250-mg.* Pulvules® 

500-mg.* Pulvules 

Oral Suspension: 125 mg.* and 250 mg.* 
per 5-ml. teaspoonful 


Pediatric Drops: 100 mg.* per ml. 


* Equivalent to cephalexin. 





cephalexin monohydrate 


Additional information available 
to the profession on request. — 
Eli Lilly and Company 
Indianapolis, Indiana 46206 


Host Resistance in Sepsis and Trauma 


LLOYD D. MACLEAN, M.D., F.R.C.S. (C), JONATHAN L. MEAKINS, M.D., F.R.C.S. (C), KENNETH TAGUCHI, M.D., F.R.C.S. (C), 
JOSEPH P. DUIGNAN, M.D., K. S. DHILLON, M.D., J. GORDON, PH.D. 


Host resistancetoinfection was measured by thein vivoresponseto 5 
delayed hypersensitivity antigens and to sensitivity and challenge by 
dinitrochlorobenzene (DNCB) in 55 seriously ill or injured patients 
and in 50 preoperative patients. A close correlation between 
infections, septicemia, death related to infection and anergy was 
found in the postoperative and post injury patients and was 
predictive of these complications in the patients studied preopera- 
tively. Decreased body cell mass was noted in both the anergic and 
non-anergic patients which was consistent with protein-calorie 
malnutrition but the two groups were not significantly different. A 
serum factor which inhibited cellular immunity in vitro was foundin 
4 patients. This factor disappeared in the two patients who recov- 
ered. The study suggests the therapeutic value of the in vivo 
measurement of delayed hypersensitivity in seriously ill and espe- 
cially preoperative patients in whom specific or non-specific stimu- 
lation of cell mediated immunity might alter the risk of infection. 


ATAL SEPTIC COMPLICATIONS continue to be a major 

problem in surgical practice, despite elaborate mea- 
sures to isolate infected patients, to use antibiotics dis- 
criminantly, to support patients before, during and follow- 
ing surgery in hemodynamic and metabolic balance and 
more recently to meet total nutritional needs.? 

The status of host resistance has not generally been a 
component of surgical assessment either to determine risk 
or to suggest therapy. An appraisal of host resistance is 
usually not defined even in patients known to be at in- 
creased risk. Such individuals include those receiving im- 
munosuppressive agents, cancer chemotherapy and 
steroids as well as those with protein-calorie malnutri- 
tion, burns, certain malignant lymphomas and liver failure. 

The following case presentation suggests that failure of 
host resistance can occur unexpectedly and prompted this 
study of anergy in seriously ill patients and in patients prior 
to surgery. 





Presented at the Annual Meeting of the American Surgical Association, 
Quebec City, Quebec, May 7-9, 1975. 
Supported by a grant from the Medical Research Council of Canada. 


From Departments of Surgery, Royal Victoria Hospital 
and McGill University, Montreal, Quebec 





Case Report 


J.Z., a 13-year-old boy, developed acute appendicitis with perforation 
and generalized peritonitis in April of 1973. Appendectomy, peritoneal 
lavage and drainage were performed and gentamicin administered. Over 
the subsequent two months the patient was reoperated upon for sub- 
phrenic and pelvic abscesses from which gram negative organisms 
sensitive to gentamicin were recovered. Two fistulas from the small 
intestine developed after these operations and despite the use of intraven- 
ous hyperalimentation, the patient lost weight from 135 lbs at admission to 
90 Ibs on July 11, 1973 when he was transferred to the Royal Victoria 
Hospital (R VH). 

The patient had never been hospitalized prior to this illness nor were 
there any known illnesses in siblings or parents other than the usual 
childhood diseases. At the time of admission to the RVH the patient's 
temperature was 103 F., pulse-140, respiratory rate-30, blood pressure- 
80/60 mm Hg. He was wastedandthere were high output, intestinal fistulas 
to the abdominal wall in the left upper quadrant and the lower midline. 
There was an open incision in the epigastrium and areas of denuded skin 
on the back. The skin was macerated about the fistula sites on the 
abdominal wall. 

At this time, July 1973, the patient was anemic, hypoproteinemic and 
hyponatremic with a slightly elevated bilirubin. Other liver function tests 
were normal as was renal function. There was moderate hypoxia (Po, 61 
mm Hg) and hypocarbia (Pco, 29 mm. Hg.). An elevated left hemi- 
diaphragm was noted on examination and chest roentgenogram. 

The patient was treated with blood, hyperalimentation, oxygen, drain- 
age of a large subphrenic abscess, and air vent suction drainage of the 
fistulas: he showed immediate improvement in his mental status and 
pulmonary function. The serum proteins rose from a total of 6 gm%, 
albumin 1.79 gm% in July to 7.8 gm% total and 3.47 gm% albumin on 
August 10, 1973 (Fig. 1). Despite vigorous management the patient 
continued to run a febrile course with blood cultures repeatedly positive 
for gram negative organisms, Staphylococcus pyogenes and Candida 
albicans. No L Forms were identified and phlebitis was not a feature of his 
illness. Anaerobic organisms were never isolated from the blood. 

The patient had several courses of gentamicin, clindamycin, cloxacillin 
and amphotericin B during the subsequent four months before death on 
November 3, 1973. During this time he was treated for massive bleeding 
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from hemorrhagic gastritis on two occasions, acute respiratory distress 
syndrome, possible essential fatty acid deficiency, intra-abdominal 
abscesses and empyema, cardiac arrhythmias, cholangitis and protein- 
calorie malnutrition with a deficit in body cell mass despite hyperalimenta- 
tion. The clinical course is summarized in Fig. |. Autopsy confirmed the 
presence of sepsis, intestinal fistulas, hepatocellular disease and wasting. 


Comment 


Prior to the admission of J.Z., 25 consecutive patients 
with high output small bowel fistulas were treated at this 
center using similar techniques. There were only two 
deaths, one at 6 weeks and the other at 8 months, both older 
patients with severe underlying disease.”° Fifty-six percent 
of the group had spontaneous closure of the fistula.?? 
Failure of this patient to respond to the previously success- 
ful measures suggested to us an abnormality of host resis- 
tance. 

This impression was confirmed by measurements of skin 
reactivity to the following recall antigens: mumps, purified 
protein derivative (PPD), varidase and candida, to which 
there was no reaction and no primary or secondary re- 


sponse to dinitrochlorobenzene (DNCB). The patient’s 
skin test to candida remained negative after administration 
of transfer factor (14) from a candida positive donor. A full 
thickness skin allograft from an unrelated donor of totally 
different HL-A antigenic configuration than that of the 
recipient, J.Z., was accepted without any gross or micro- 
scopic rejection over a 44 day period. 

The lymphocytes of patient J.Z. reacted normally 
against allogeneic cells and were stimulated normally by 
phytohemagglutinin. However, the patient's lymphocytes 
failed to respond to allogeneic cells in mixed lymphocyte 
culture inthe presence of his own serum. This serumfactor 
probably inhibited cellular immunity as expressed in vivo 
by the failure to respond to recall antigens and the ability to 
accept a skin allograft. However, in the absence of the 
serum factor, the lymphocytes reacted normally to an- 
tigenic stimuli in vitro. 

Neutrophil function as assessed by the nitroblue tet- 
razolium reduction test’ was normal on several occasions. 
The anti-sweat precipitin test was also normal? as were 
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quantitive measurements of immunoglobulins, suggesting 
normal B-cell function. 

Could this prolonged downhill course all be due to 
protein-calorie malnutrition? Some features suggest not 
and prompted our further investigation. Early in the 
course, when the patient's total protein and albumin were 
returned to normal, and body cell mass was favorably 
influenced by the vigorous use oftotalintravenous feeding, 
septicemia persisted and abscesses reformed (Fig. 1). A 
subtle form of malnutrition due to specific essential 
amino-acid deficiency was suggested by amino-acid 
analysis of the patient's serum. There was a low peak for 
cystine which was supplied as a dipeptide in the parenteral 
solution, and could, therefore, have been lost in the urine. 
The correction of this defect did not influence the patient's 
course, nor did the administration of intravenous fat as 10% 
Intralipid® to correct a possible essential fatty acid defi- 
ciency. 

Another rare cause of persistent infection in a patient 
with impaired cellularimmunity who had received multiple 
blood transfusions is graft vs. host disease. This was 
assessed by karyotype analysis which revealed no female 
cells. 

With these data suggesting serious impairment of host 
resistance in a single patient, we studied T-lymphocyte 
function by the delayed hypersensitivity reaction to five 
antigens, response to DNCB sensitization and lymphocyte 
reactivity to mitogens and to allogeneic leukocytes in $5 
severely injured or septic patients and in 50 patients prior to 
operation. Neutrophil function was studied and nutritional 
status was additionally evaluated in selected patients inthe 
former group. 


Materials and Methods 
Patient Selection 


Fifty-five severely injured and septic patients, most of 
whom were treated in the surgical intensive care unit, were 
selected for the first portion of the study. 

As the second part of the investigation, a prospective 
analysis was then made on 50 preoperative patients who 
were candidates for major surgery to determine if anergy 
detected before surgery could predict outcome with par- 
ticular reference to infective complications and survival. In 
this same group a risk factor was determined for each 
patient as described by Davidson et al.* to determine if the 
anergic and reactive patients were comparable for those 
factors known to predispose to infection. The age of the 
patient, duration of the operation, nature of contamination 
atthetime ofsurgery and urgency ofthe procedure werethe 
bases for calculation of the risk factor. 


Studies in Vivo 


Cell mediated immunity was assessed by delayed skin 
reactivity to mumps antigen, PPD, trichophytin, candida 
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and varidase as recommended by Palmer and Reed.” The 
test was performed by the intradermal injection of 0.1 ml of 
each antigen and the reactions were scored at 24 and 48 
hours. Induration greater than 5 mm was considered a 
positive reaction. Immunization with dinitrochloroben- 
zene (DNCB) was performed by the method of Catalona et 
al? 

Body cell mass determinations were performed by the 
technique described by Shizgal, Kurtz and Wood.’ Total 
exchangeable potassium was determined indirectly, and 
total body water by injecting a known mass of tritiated 
waterintravenously and measuring the equilibrated plasma 
tritium concentration at 24 hours. The latter was deter- 
mined in a protein free filtrate of plasma using standard 
liquid scintillation counting techniques. The exchangeable 
sodium was simultaneously determined by injecting a 
known mass of sodium-22 intravenously and measuring the 
plasma sodium-22 concentration at 24 hours in a deep well 
scintillation counter and the plasma sodium concentration 
by flame photometry. The results were expressed as Ke/ 
TBW, Ke-total exchangeable potassium, TBW - total 
body water and as Nae/Ke where Nae- total exchangeable 
sodium. 


Studies In Vitro 


The mixed leukocyte culture reaction was performed 
in tubes or on microplates as previously described by 


Hartzman et al." Briefly, 1 x 10° or 10° responding buffy 
coat lymphocytes were cultures with mitomycin treated 
buffy coat leukocytes or lymphoblasts from established 
cell lines as stimulating cells. The medium consisted of 
RPMI 1640 supplemented. with 10% fresh normal human 
serum, 100 units of penicillin and 100 micrograms of 
streptomycin. Incubation was continued for 6 days. 
Quantitation of the reaction was made by addition of 
tritiated thymidine for the last 3 hours of the culture. The 
response of the patients’ cells to phytohemagglutinin 
(PHA) was tested as above except the length of incuba- 
tion was 3 days. The mixed lymphocyte cultures were 


Normal controls were used for comparison on each occa- 
sion. The stimulation index was then calculated as: 
S response of patients’ lymphocytes in C.P. M. 
response of normal control Tymphacytes in C.P. M. 

An S.I. of 0.5 or less was judged abnormal. The capacity 
of the patients' sera to inhibit the in vitro proliferative 
response of the patient or control lymphocytes to PHA or 
to allogeneic cells was studied. The cytotoxic activity of 
the sera against the same allogeneic cells was also 
evaluated. In the latter test, target lymphocytes labelled 
with?! Cr were incubated with the patients’ sera and rab- 
bit complement according to the method of Rogentine 
and Plocinik ?! 

Serum proteins were determined by immunoelec- 
trophoresis. 
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TABLE 1. In Vivo Antigenic Response In 55 Seriously Hl Patients 


Deaths/Patients Studied With 


Anergy Relative Normal 

Anergy Response 
Septicemia 6/6 4/14t 1/87 
Wound Sepsis 0 0/2 1/67 
Major Surgery 1/1 1/1t 0/6 
Trauma 0 0/1 0/7 
Burns 2/2 0 0/1 

Totals 9/9 (100%) 5/18 (28%) 2/28 (7%) 


*Pulmonary Embolus 
+Myocardial Infarct 


Neutrophil bactericidal function was assessed by the 
method of Alexander, Windhorst and Good.* Results 


were considered abnormal if the ratio of: 
remaining viable bacteria in the patients‘ test d d 4 2.3 
remaining viable bacteria in the control test exceede : 


Results 


In Vivo Antigenic Response in Seriously Ill Surgical 
Patients 

Of the 55 patients who had cell mediated immunity 
assessed by skin testing and DNCB sensitization, 27 had a 
decreased immune response. There was complete anergy 
in 9, i.e. no response to all 5 skin antigens and no response 
to DNCB on both sensitization and challenge. Relative 
anergy occurred in 18 patients, i.e. no more than one of 5 
positive skin tests or DNCB response with challenge 
only.? The results are summarized in Table 1. The patients 
suffered from septicemia, wound sepsis, trauma, burns or 
had undergone major surgery. The mortality rate was 9 of 
9= 100% in the totally anergic group, 5 of 18=28% in the 
relatively anergic group and 2 of 28=7% in those patients 
in these categories who had a normal response. The mor- 
tality in 27 patients with altered immune response was 
statistically different from the normals (Chi square 
P<0.001). All patients in the anergic group died with 
sepsis. The two deaths in the normal response group were 
due to pulmonary embolism and to myocardial infarction. 


Prospective Assessment of Host Resistance in Preopera- 
tive Patients 


This portion of the study was done to determine 
whether anergy was the result or possibly the cause of 
the high infection and mortality rate seen in the group 
with impaired cellular immunity reported above. Fifty 
patients had cell mediated immunity assessed preopera- 
tively by skin testing and DNCB sensitization. In 37 there 
was a normal response. Two wound infections occurred 
in this group. There were no episodes of septicemia and 
no deaths. In contrast, 8 of the 13 patients with an im- 
paired cellular immune response as judged by skin testing 
had infectious complications, 6 of which were septicemia 
(Table 2). There was one death. There is a statistical 
difference betwcen these two groups for both septicemia 
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and infection (Chi square P<0.001). Table 3 relates these 
results to serum albumin concentration, the risk index, 
the presence of cancer and the use of preventive antibio- 
tics. There was a greater incidence of cancer patients in 
the anergic portion of the preoperative group. Only one 
patient in each of the normal response and anergic groups 
had far advanced cancer. The mean albumin concentra- 
tion while within the normal range in the anergy group 
was significantly lower (unpaired t test, P<0.005) than in 
the similar patients with normal skin reactivity. The risk 
index indicated that on the basis of age, chance for con- 
tamination, urgency and duration of the operation, the 
patients in the two groups were similar. The clearest 
means of differentiating risk of septic complications was 
by means of testing for recall antigenicity in the preopera- 
tive period. 


Body Composition and Anergy 


Body composition and skin testing were performed at 
the same time on 19 occasions in 14 patients who were 
critically ill and in a catabolic state. None of the 
preoperative patients were tested. These patients were 
divided into two groups depending upon their response to 
skin testing. Eight patients were anergic. Of these, three 
(38%) survived, whereas 100% of the patients with a 
normal response to skin testing survived. 

The nutritional status of these patients was assessed by 
measuring the total exchangeable potassium (Ke) as it is 
linearly related to the body cell mass. In the anergic 
group, the mean exchangeable potassium expressed as a 
function of total body water, Ke/TBW was 54.2 + 3.3 
(S.E.). This represents a significant reduction from the 
mean of 80 + 1.03 S.E. obtained in a group of 25 normal 
volunteers.?? 

In the critically ill patients with a normal response to 
skin testing, the mean Ke/TBW was 65.1 + 5.5 S.E. The 
latter was not significantly different from the data ob- 
tained in the anergic group as assessed by a Student's 
unpaired t-test (Table 4). Nevertheless, there appears to 
be a difference in the body cell mass between the two 
groups as demonstrated in Fig. 2 where the exchangeable 
potassium is plotted as a function of total body water. 
Included on this graph is the regression line and 9596 
confidence limits which were derived from data obtained 
in 25 normal volunteers. The area between the confi- 


TABLE 2 In Vivo Cellular Immune Response in 50 Preoperative 





Patients 
Abnormal Response 13 
Anergy (4) ati 
Septicemia (4) tee 
Relative Anergy (9) 
Septicemia (2) oe 
Wound Infections(3) 44% 
Normal Response 37 
Wound Infections(2) 5%" 





*P«0.001 
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TABLE 3. Septic Complications and Risk Factors In Preoperative Patients 


Types of Skin Test Response Patients Albumin gm. 46 
Operation Operations +5.D. 
Relative anergy 4 3.97+1.13 
Clean Anergy l 3.40 
Normal 5 3.89+0.53 
Relative Anergy 3 3.28+1.18 
Colon Anergy —— —— 
Normal 11 3.81+0.47 
Relative anergy —— —— 
Biliary Anergy 3 3.05 0.24 
Normal 14 4.13+0.54 
Relative anergy 2 3.1 
Gastric Anergy —— — 
Normal 7 3.89+0.22 
Relative anergy 9 3.53+1.01 
Totals Anergy 4 ol BATENA 
Normal 37 3.96+0.48 
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Risk Index Preventive Carcinoma Infectious 
Antibiotics Complications/Pts. 
1/4 2/4 1/4 
21.1 1/1 0/1 1/1 
l 0/5 1/5 0/5 
27 3/3 3/3 2/3 
27:1 10/11 2/11 0/11 
30.6 3/3 1/3 3/3 
25.7 12/14 0/14 0/14 
33.2 1/2 1/2 1/2 
26.5 7/7 3/7 2/7 
21.8 6/9 6/9 4/9 | 
21] iii 4/4 1/4 n bini 
23.5 31/37 6/37 2/37 -6% 


NENNEN — UM ———. o e 


dence limits represents the normal range for this parame- 
ter as 9596 of the normal population would have an ex- 
changeable potassium bounded by these confidence 
limits. In the majority, but not in all of the anergic pa- 
tients, the exchangeable potassium was below the normal 
range. In spite of being clinically similar to the anergic 
group, the exchangeable potassium in the patients with a 
normal response to skin testing was within the normal 
range except for two measurements. 


TABLE 4. Body Composition In Seriously Ill Patients 
With Anergy Or Normal Skin Reactivity 








Patient Kw Ke/TBW Nae/Ke TBW, 
Normal Skin Test 
F.K. 1545 38.5 2.62 40.2 
á 1830 47.4 1.98 38.6 
G.P 3234 70.8 1.05 45.7 
CZ 3300 86.8 88 38.0 
L.B. 2297 79.4 .90 28.9 
2 1538 69.4 1.17 22.2 
Gb. 2014 23.9 1.09 26.7 
i 1971 71.4 1.04 221.2 
CO: 9057 47.0 2.03 19.3 
X Mean 65.1 1.42 
SE pe A] 
Anergy 
E.F 1972 70.03 1.42 28.16 
L.E 1566 44.73 2.04 38.02 
A.A 1078 44.50 2.17 24.2 
1.5. 1287 36.08 2.80 35.7 
V.H. 1689 61.38 1.51 27.51 
J.P. 2239 62.01 1.43 36.1 
Ja. 1484 51.33 1.75 28.9 
à 1855 60.27 1.46 30.8 
T 1384 49.57 1.91 27.9 
L.B. 1580 62.06 1.60 25.47 
Mean 54.2 1.80 
SE 3.4 .14 
t N:S: N.S. 
Normal* 80.01+1.03 0.98+0.02 





*Based on 25 normal subjects 
tNot Significant 


The extracellular component of body composition ex- 
pressed as a function of the body cell mass is given by the 
ratio of exchangeable sodium to exchangeable potas- 
sium. This ratio increases with severe starvation or 
chronic malnutrition. In the group of normal volunteers, 
the mean ratio was 0.98 + 0.02. There was a considera- 
ble increase in both the anergic group and the non- 
anergic group of patients to 1.8 + 0.14 and 1.4 + 0.21 
respectively (Fig. 3). The increase in this ratio indicates 
an expansion of the extracellular supporting component 
of body composition relative to the body cell mass. 
Again, the mean ratio in the two groups of critically ill 
patients was not significantly different by the unpaired 
Student's t-test. The lack of statistical significance may 
be related to the small number of patients in each group. 


Exchangeable Potassium 


Normal 
Range 
95% 










3000 
K e Skin testing 
e -normal 
2000 x Anergy 
© Died 
1000 


10 20 30 40 50 60 


TOTAL BODY WATER 


Fic. 2. Plot of total body potassium as a function of total body water. 
The regression line with 95% confidence limits from 25 normals is also 
included. In the majority but not in all of the anergic patients the 
exchangeable potassium was below the normal range. The deaths oc- 
curred in the anergic group whether or not there was a decrease in body 
cell mass. Two measurements of body cell mass well below normal! 
were not associated with impaired cellular immunity in vivo. 


— ————— BÓ 
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Total Body Sodium / Total Body Potassium 
2.0 

Nac Ke 


1.0 


Non- 
Anergy 


Normal 


Anergy 


Fic. 3. The extracellular component of body composition expressed as 
a function of the body cell mass is given by the ratio of Nae/Ke. In the 
25 normal individuals this ratio was 0.98 + 0.02. There was an increase 
in this ratio in the 19 studies in both the anergic and non-anergic 
patients. The mean ratio in the two groups of critically ill patients was 
not significantly different by the unpaired Student’s t-test suggesting 
that malnutrition was not the cause of the anergic state in these patients. 


It is striking that all of the deaths in this group of 
seriously ill patients occurred in patients who were aner- 
gic regardless of whether or not they had impaired body 
cell mass. 


In Vitro Tests of Cell Mediated Immunity Using the In 
Vitro Stimulation of Lymphocytes by Mitogens and Al- 
logeneic Lymphocytes in Seriously Ill and Septic Pa- 
tients 


Lymphocytes from 27 of the 55 patients in this group 
were used for in vitro tests of cell mediated immunity. No 
correlation between this measure of CMI and the compli- 
cations of infection, septicemia or death existed (Table 
5). This cellular component of the immune response was 
found to be normal in 6 of 10 anergic patients and surpris- 
ingly abnormal in 4 of 17 patients with a normal in vivo 
response to skin antigens. 


Suppressed Cell Mediated Immunity Due to a Serum 
Factor 


In an effort to explain this discrepancy between in vivo 
anergy and in vitro reactivity, a search for serum block- 
ing factors was initiated in patients exhibiting these ab- 
normalities. 

Clinical data on 4 such patients are summarized in 
Table 6. 


Skin reactions to recall antigens were consistently 
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TABLE 5. In Vitro Stimulation Of Lymphocytes By PHA 
Or Allogeneic Cells In Seriously Ill Or Septic Shock 
— —À— ác —— nal capire Eq cat HMM a ON 


Infection Septicemia 
Abnormal Lymphocyte Function 
(SI<0.5) d 
Diminished Cutaneous 0/1 4/7 
Responses In Vivo 
Normal Lymphocyte Function 6 13 
(SI 0.5) 
Diminished Cutaneous 1/6 5/13 


Responses In Vivo 





negative in all four. J. B., negative to 5 antigens through- 
out his illness, became reactive to mumps and varidase 
upon recovery. None of the patients could be sensitized 
to DNCB and J. Z. failed to reject a skin allograft applied 
44 days before his death. 

In contrast, the reactivity of the four patients' cells in 
vitro was normal. Reactions elicited to allogeneic cells 
and to PHA when carried out in the presence of normal 
serum were indistinguishable from the response of cells 
of normal individuals (Table 7). However, both MLC 
reactions of patients' cells and those from healthy donors 
were inhibited by the patients’ sera. Remarkably, the 
response of either group of cells to PHA was not sup- 
pressed (Table 8). Table 9 shows the inhibitory activity of 
the two surviving patients sera taken at different times. 
Recovery and return of skin reactivity tested in one pa- 
tient coincided with a loss of serum inhibitory activity. At 
no time could the sera be shown to be cytotoxic against 
the cells used to elicit the MLC reaction. 


Neutrophil Function Tests 


In forty-two patients there were two or more evalua- 
tions of neutrophil bactericidal function (NBF) (Table 
10). Patients studied only once were excluded. 

Eight patients had positive blood cultures while being 
studied and of these three were positive within 24 hours 
of detection of the abnormality in NBF and three de- 
veloped the abnormality more than 24 hours following 
septicemia. The other two patients who were totally 
anergic, died of sepsis and had normal NBF throughout 
their courses. 


Discussion 


Most surgeons are disciples of Pasteur and Lister or 
Paré and believe that the avoidance of infection can be 
achieved by controlling the environment and careful 
handling of tissues. Fewer have seen the surgical appli- 
cation of the contributions of Jenner and Metchnikoff 
which suggest that host resistance may also be important 
and may even be subject to stimulation in deficient pa- 
Hents 

The anergic state, defined here as a patient’s failure to 
react to antigens to which he has previously reacted or 
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TABLE 6. Clinical Data On Patients With Suppressed Cellular Immunity Due To A Serum Factor 


Name Age, Sex Diagnoses Surgical 


Procedures 


Complications 


Organism Outcome 


Grown*— Site 


= . Sa es e n e i a i LCT CRANE CL i ee er A I A 


I ji Z. Appendicitis 


-ruptured 


Appendectomy 
Drainage subphrenic 
-generalized peri- abscesses 

tonitis Tracheostomy 
-multiple intestinal Exteriorization of 
fistulae fistulae 


Intestinal bypass 
Incision & drainage 
of psoas abscess 
Hemicolectomy 


Regional enteritis 
with abscess 


Multiple rib Suture liver lacera- 
fractures tion 
Bilateral femoral Debridement femoral 


Peritonitis 
Subphrenic abscesses 
Small bowel fistulae 
GI bleed x 2 
Respiratory failure 


Psoas abscesses 
Wound infection 
Superior mesenteric 
artery syndrome 
Intestinal fistula 


Persistant subhepatic 
abscess 
Respiratory failure 


Died of 


sepsis 7 mo 
after onset 


Fistulae: E.S.C 
Subphrenic: Ec 
P.E,Ps 

Urine: E.C.P 
Sputum: Ps,Ec.C 
Blood: C. E.K.S 


Urine: Ec, C Survived 
Abscess: Ec, Discharged 
Ps, Cl. P. Mi, B, after 4 mo 
C 


Wound: En, Ps, E, Survived 
E.C. Discharged 
Sputum: Kl, Ps after 4 mo 


fractures fracture 
Lacerated liver Debridement myositis 


Died of 
sepsis 4 mo 
after onset 


Decubitus ulcers 
Chronic obstructive 
lung disease 
Pneumonia 


Infected hip 
prosthesis 


Removal of nail plate Urine: P, Kl, Ec 
Sputum: H. D, $ 


Hip: P 


M—Mmicrococcei 

P— Proteus 

Ps— Pseudomonas 

S— Staphylococcus pyogenes 


Ec—E. coli 
En—Enterobacter 
H—Hemophilus influenza 
K —Klebsiella 


*B— Bacteroides 
C-—-Candida albicans 
CL-—Clostridium welchii 
D—Diplococci 
E—Enterococci 


was a higher incidence of cutaneous reactivity in our 
postoperative patients (49%) because they were selected 
for infectious complications. Cell mediated immune func- 
tions deteriorate greatly with age and mortality is higher 
in older persons with this defect than in those in the same 
age range who possess normal cellular immunity.” How- 
ever, the anergic state in our study could not be attri- 
buted to the presence of sepsis, surgery. steroid ad- 
ministration or age of the patients. Acquired impairment 


been exposed, is dependent upon T-lymphocytes and 
macrophages and is subject to suppression by serum 
factors. In this study a close correlation between infec- 
tions, septicemia, death related to infection and anergy 
was found in postoperative patients and could be predic- 
tive in another group of patients studied preoperatively. 

The incidence of anergy, relative anergy and normal 
delayed hypersensitivity was very similar in our 50 
preoperative patients, 8%, 18% and 74% respectively, 
when compared to the 752 hospitalized patients studied 
by Palmer and Reed." These incidences in the latter 


study were 7.6%, 12% and 80.4% respectively. There : ; : | -— t 
7 TABLE 8. The Effect Of Patients’ Sera On The Proliferative 


Response To Allogeneic Cells And To PHA 
TABLE 7. Reactivity Of Patients’ Lymphocytes to 
Allogeneic Cells and to PHA 
Allogeneic Cells 
Responding Cell cultured with 


PHA 


Autologous 
Serum 


Norma! 
Serum 


Autologous 
Serum 


Normal 
Nil Allogeneic Serum 
Cells* 
se gg a a gl —Y^————M 
Patient J. Z. 6187 97,412 58.305 
Patient J. B. 185 8,406 27.479 
Patient J. M. D. 1,140 27,295 15,177 
Patient P.F. 885 44,003 59,866 
Normal 3.984 71.200 56,738 
Normal 4,287 27,803 26,846 


12,622 
8.406 
21.2292 
44,003 
7,435 
14,448 


Patient J.Z. 
Patient J.B. 
Patient J.M.D. 
Patient P.F. 
Normal—1 
Normal-—2 


MMC NNNM 
*The allogeneic cells used were lymphoblasts from an established cell 
line, inactivated with mitomycin. 
+Mean CPM of ?H- Thymidine incorporated in triplicate cultures per 
10° responding cells. 


*Mean CPM of * H- Thymidine incorporated in triplicate cultures per 
10° responding cells. 

tND, not done. 

+The sera used with normal cells one and two were from patients J.Z. 
and J.B. respectively. 
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TABLE 9. The Inhibitory Activity Of Sera From Two Patients 
Taken At Different Times 
i € LLL 


Mixed leukocyte culture reaction 


Date Patient Normal Autologous Ob 
Serum Serum Inhib. 
ne 
1/6 J.B. 8,406* 355 93 
2/25 5,873 1,142 80 
5/29 32,554 22,963 29 
3/26 J.M.D. 27,295 15:217 44 
5/17 17,408 21.331 0 


*Mean CPM of *H-Thymidine incorporated in triplicate cultures per 
10° responding cells. 


of cell mediated immunity has been described in other 
settings which include patients with sarcoidosis,” 
Hodgkin's disease,’® leprosy? chronic mucocutaneous 
candidiasis,? infectious mononucleosis, burns.’ 
Kwashiorkor and protein calorie malnutrition.24 

Protein-calorie malnutrition can alter immune re- 
sponses and host resistance to infection and cannot be 
excluded as the cause of anergy in many patients in the 
present series.^^^? However, abnormal body composi- 
tion, consistent with poor nutritional state, was noted in 
both the anergic and non-anergic patients and no differ- 
ences between the groups could be demonstrated statisti- 
cally. Serum albumin levels, however, were different 
between the anergic and non-anergic patients in the 
preoperative group. Malnutrition, therefore, appeared to 
contribute to depressed host resistance but measurement 
of anergy more closely predicted clinical risk than mea- 
surement of body cell mass or the concentration of serum 
albumin. All of these measures of nutritional status could 
be normal in patients with in vivo absence of cell 
mediated immunity. 

In some diseases the deficit in cell mediated immunity 
has been ascribed to humoral blocking factors such as in 
ataxia telangiectasia, chronic mucocutaneous can- 
didiasis,? primary and secondary syphilis, multiple 
sclerosis," tuberculosis," halothane hepatitis;?* 
idiopathic cirrhosis, biliary cirrhosis,!? idiopathic 
steatorrhea and cancer./?6252539? Animal studies suggest 
that anergy may be the result of an inhibitory environ- 


TaBLE 10. Mortality And Infection Related to 
Neutrophil Function in 42 Patients 


exu ul i uu LU i iu E a 
Abnormal Neutrophil Normal Neutrophil 





Function Function 
Death Infection Death Infection 
M —À——— M MÀ—À— UUU 
Sepsis 3/6 5/6 3/5 3/3 
Trauma 0/4 2/4 — — 
Burns 0/1 0/1 — x 
Wound Infections 0/2 2/2 0/2 2/2 
Major Surgery — -— 0/2 1/2 
Totals 3/13 9/13 3/9 6/7 
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ment because T-cells from anergic animals react nor- 
mally when transferred to normal animals and normal 
cells transferred to anergic animals do not correct this 
defect.^' The anergic state found in the four patients with 
an inhibitory serum factor appears to be a clinical exam- 
ple of this experimental model. These patients were 
completely anergic in vivo by repeated skin testing, failed 
to react to DNCB sensitization and in one instance failed 
to reject a skin allograft. However, in vitro, all four 
patients’ lymphocytes were fully reactive when tested in 
culture media supplemented with normal serum but were 
inhibited in the presence of sera from any of the four 
patients. These results suggest that the immunological 
defect was not due to the inability of their cells to react 
but was mediated by a serum inhibitor. 

The inhibitor is unlikely to be a bacterial product!??5 or 
a drug administered to the patients as only sera from the 
four were inhibitory and not those from the other septic 
patients harboring some of the same organisms and kept 
on the same medications. Furthermore, all sera tested 
were exhaustively dialized and thus would not contain 
low molecular weight drugs. In addition, none of the sera 
containing the inhibitor were cytotoxic to lymphocytes in 
vitro. One finding in particular distinguishes this inhibi- 
tory activity from most others described. It prevents a 
specific immune reaction, that ís, the mixed lymphocyte 
culture but does not interfere with a non-specific activa- 
tion of lymphocytes by phytohemoglutinin (PHA). This 
observation suggests that the serum factor may be in- 
strumental in suppressing host defense and thus be one of 
the causes of clinical sepsis. Disappearance of the in- 
hibitory activity in the two patients who recovered, coin- 
cident with recovery and reappearance of cutaneous 
reactivity in the one patient tested, is compatible with 
this interpretation. 

Although there is good correlation between depressed 
CMI and clinical outcome, those infections against which 
CMI is the primary host defense (mycobacteria, listeria, 
brucella, salmonella and certain staphylococci; fungi in- 
cluding candida, aspergillus, histoplasma and mucor and 
most viruses, including Cytomegalic Inclusion Virus) 
were not frequent or not detected in the presently re- 
ported series. The invading organisms in most patients 
were gram-negative including enterococci, E. coli, kleb- 
siella and bacteroides or gram-positive S. aureus and S. 
epidermidis. How then can we relate a defect in cell 
mediated immunity to these infections which are ordinar- 
ily not primarily controlled by this mechanism? It is 
generally agreed that patients who have severe abnor- 
malities of cell mediated immunity are inordinately sus- 
ceptible to the development of many acquired diseases 
which include viral infections but, in addition, infections 
with bacteria which are ordinarily of low virulence, e.g. 
S. epidermidis, pseudomonas, proteus and enterococci.! 
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It is also quite possible that the critical number of bac- 
teria one would expect to be handled by the inflammatory 
response is altered by anergy. Chronic mucocutaneous 
candidiasis is associated with complete absence of cell 
mediated immunity in affected patients, however, death 
in these patients is most frequently due to bacterial 
pneumonia.” Several patients have been reported with 
chronic mucocutaneous candidiasis who had histories of 
repeated bacterial infections usually controlled by the 
inflammatory response.” Extensive studies of leukocyte 
function showed no abnormality in the capacity of 
polymorphonuclear leukocytes to ingest and kill candida 
or bacteria in these patients. While the humoral immune 
responses were intact, abnormal cellular immune re- 
sponses were regularly found which included negative 
skin tests to candida as well as to other delayed hypersen- 
sitivity antigens. These data support the concept that 
the anergic state increases susceptibility to bacterial in- 
fections ordinarily controlled by the inflammatory re- 
sponse. In the 105 patients herein reported depressed 
immunoglobulins were found on only four occasions. 

Abnormal neutrophil function was related to sep- 
ticemia in three patients. However, overwhelming sepsis 
associated with anergy was seen in two patients in whom 
NBF was consistently normal. The situation of chronic 
bacterial infections, impaired NBF but normal cutaneous 
responses with clinical recovery was also encountered. 
Abnormal cell mediated immunity was more frequently 
related to septic complications than abnormal neutrophil 
function in this study. 

The therapeutic implications of this study suggest the 
measurement of cell mediated immunity by simple skin 
testing in seriously ill and injured patients but especially 
in preoperative patients. The anergic state appears to 
increase greatly the risks of serious infectious complica- 
tions, especially septicemia. 

It would be of interest to know if correction of body 
cell mass deficits by hyperalimentation or other means 
alone will reverse this state. Previous studies have 
suggested this might be the case but malnutrition was 
measured by weight loss, decrease in serum albumin and 
a history of decreased oral intake.** Previous studies of 
lymphocyte function in vitro in malnourished patients 
treated by hyperalimentation have not separated im- 
paired lymphocyte function from the presence of serum 
inhibitors of cellular immunity since these tests were 
performed in the presence of autologous serum.?! 

Transfer factor,'* derived from lymphocytes of indi- 
viduals with specific delayed hypersensitivity, might be 
considered and was actually used in the treatment of one 
patient, J.Z., late in his course, but without conversion of 
skin test results and a negative clinical result. 

Another therapeutic possibility is the use of drugs 
which nonspecifically stimulate cell mediated immunity. 
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Levamisole, an antihelminthic in widespread clinical use, 
has restored cutaneous delayed hypersensitivity in aner- 
gic patients.” The use of BCG is less attractive because 
of the danger of infection from this attenuated bacillus in 
these compromised patients. 
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DISCUSSION 


Dr. JOHN A. MANNICK (Boston): I was very interested in the work of 
Dr. MacLean and his associates and was particularly fascinated by his 
observation that there was circulating immunosuppressive material in 
the serum of these individuals. 

We have for some little time in our laboratory been interested in 
circulating protein factors with immunosuppressive properties. This 
sort of material is present in trace amounts in serum of normal individu- 
als and we have found that this activity can be localized in a low 
molecular weight peptide fraction. The peptide ts carried non- 
covalently bound to an alphaglobulin carrier or carriers and we have 
termed this material immunoregulatory alphaglobulin. 

We've been interested in the potential association of increased con- 
centration of this type of material with anergy in certain patients and 
have recently reported an association of high levels of circulating im- 
munosuppressive peptide and anergy in cancer patients. More recently, 
Dr. Mark Constantian in our laboratory has looked at serum from 
traumatized or seriously injured patients with regard to immunosup- 
pressive peptide. 

The test used for detecting immunosuppressive material in serum is 
phytohemagglutinin stimulation of normal human peripheral blood 
leukocytes, and we consider serum immunosuppressive when it will 
suppress the stimulation of these leukocytes 60% or more as compared 
with stimulation of the same cells at the same time in control allogeneic 
serum or normal autologous serum. 

We have grouped trauma patients into three classes in a manner 
similar to Dr. MacLean. We have found, as he has, the severity of the 
trauma and, particularly, the complication of the trauma by sepsis, are 
associated with the presence of immunosuppressive serum. The sup- 
pression is much more marked in the patients with major trauma. 

When septic complications ensue, the serum remains suppressive as 
opposed to when the trauma takes place without septic complications. 

In trying to get at the nature of the material, we fractionated the 
serum protein by DEAE chromatography and we have found that, as 
opposed to normal individuals where this kind of activity is all found in 
later alphaglobulin-rich peaks, severely traumatized patients have this 
material spread out all over the fractions from the DEA chromotog- 
raphy. Much of it comes out unbound in the first fraction. 

There is about ten times more of this kind of material in the serum of 
traumatized patients than in the serum of normal individuals. Finally we 
have found that this immunosuppressive activity is located in a low 
molecular weight peptide fraction. 

I'd like to ask Dr. Maclean whether he has fractionated the im- 
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munosuppressive material in the serum of the patients he has reported 
on today or in any way tried to determine its nature. 


Dn. James D. Harpy (Jackson, Mississippi): Dr. MacLean and his 
associates have certainly presented a superb study. I rise to present an 
additional type of investigation which with other studies further iden- 
tifies the fact that the immune capability really is impaired in severely 
injured and infected patients. 

(Slide) Dr. James B. Grogan and his team, in our laboratory, have 
continued their studies of polymorphonuclear leucocytes’ capacity to 
engulf and also to kill bacteria in traumatized patients. 

This slide shows that the capacity of the polys to engulf or 
phagocytize these organisms is not significantly impaired in severely 
injured patients. 

(Slide) On the other hand, there was statistically significant reduction 
in the capacity of the polys of severely injured patients to kill 
pseudomonas bacteria that had been engulfed. This reduced capacity to 
kill bacteria was even more striking when staphylococci were involved. 

In sum, the capacity of the severely injured patient to Aill the bacteria 
tested, in contrast to engulfment, was significantly reduced. 

(Slide) This slide shows that the capacity to kill bacteria tended to 
return toward normal in late convalescence. 

In closing, I would like to ask Dr. MacLean if he has actually as yet 
identified, and tried, therapeutic modalities which influence favorably 
the immunological capability of the patient. 


Dr. WiLLIAM S. BLAKEMORE (Toledo): Awhile back, we identified 
some depression of leukocyte activity with the simple acts of surgery. 
We could also identify it when done with certain drugs such as anes- 
thetic drugs, barbiturates and others. 

As we get more sophisticated techniques and use some of these it 
seems we'll get considerable more information. particularly as we look 
at some of the things that might stimulate. 

We have looked particularly at staphylococci, with Dr. Stewart Mud- 
den and his group. and proven in animals and to some extent some 
clinical material, to indicate that it will increase cellular immunity or 
cellular activity. 

Most patients are sensitized to staphylococci and they may get a rapid 
secondary reaction by stimulation with staphylococci or some of its 
products. 

In this area we're also looking at a good indicator for the quick 
measurement of leukocyte activity and to differentiate it into some of its 
specific activities which are perhaps better demonstrated by some of the 
eid which Dr. MacLean and Dr. Wes Alexander and others are 

oing. 
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I would ask him if he has been able to differentiate the activity of 
leukocytes in this study with regards to their specific immune reactions 
or non-specific reactions. 


Dr. Harvey R. BERNARD (Albany, New York): I thought it was 
interesting to note that this is one of a series of studies which indicate a 
shift in our surgical emphasis toward the study of factors other than 
bacteria as a cause of surgical sepsis. Despite rather effective efforts at 
reducing environmental bacteria, sepsis still claims its toll. frequently 
with endogenous bacteria and usually, although not always. in those 
suffering severe injuries. 

Additionally, bacteriologic studies really never explain why the occa- 
sional patient, following a technically clean operation, dissolves in pus. 
or his counterpart, the patient whose wounds were heavily contami- 
nated, heals cleanly. The awakening of interest in ways that the host 
responds or doesn't respond to bacteria is obviously an important step. 

However, there is more than one factor involved. Foreign bodies 
remain important, The T-lymphocytes are important but there are 
others. Dr. Scovill in our department has made observations similar to 
Dr. MacLean's in our traumatized patients when studying opsonin 
levels. He has studied rather exhaustively nine severely traumatized 
patients who showed three patterns. First, a rapid recovery of the 
patient and a rapid recovery to normal opsonin levels. Two, eventual 
recovery and recovery of the opsonin levels. And, three, eventual death 
and continued depression of the opsonin level. 

This has been made more important since opsonins may be manipu- 
lated in the rat and in the dog. although whether anyone will ever fill out 
sufficient forms to try it in humans, I don't know. 

Dr. MacLean's suggestion indicating the worth of immunological 
assessment in the severely injured and septic patients is certainly of 
great importance and we second it. 


Dr. Basir A. Pruitt, JR. (San Antonio): I feel this is a very important 
paper and Dr. MacLean has quite rightly directed our attention to the 
underlying cause of the susceptibility of the injured man to opportunis- 
tic infections. 

Dr. Mason and Dr. Warden in our laboratory have assessed 
chemotaxis as another index of white cell activity in the burn patient 
and have found it to be depressed in direct relationship to the extent of 
the burn in the first 72 hours postburn. Failure to increase above 60 per 
cent of control thereafter is virtually an invariable index of a fatal 
prognosis. 

Interestingly, this chemotaxic suppression can be reversed by incuba- 
tion with normal plasma, but if that plasma is heat treated first, it does 
not reverse this suppression. Chemotaxis, therefore, appears to be 
mediated by a heat labile serum factor, and I wonder if the same thing is 
true of the white cell functions which you have studied? Chemotaxis 
also can be suppressed by antibiotics per se. Was there any relationship 
of the suppression of the indices which vou studied to the antibiotics 
given to the patients? 

Lastly, could you comment on the possible reason that the risk 
factors didn't seem to be significantly different between your two 
groups? 


Dr. G. MELVILLE WILLIAMS (Baltimore): I’m just going to amplify on 
two aspects of what he has pointed out to us today. 

First, the value of the skin tests themselves as monitors of impaired 
immunologic activity. These are extraordinarily simple tests and things 
that all of us can do at the bedside of the patient. It doesn't require a 
great deal of complicated laboratory apparatus. Yet at the present time 
there are three areas in which this can be of critical importance in 
determining the patient's life and death struggle. 

The first is in the case of patients with carcinoma. It has been clearly 
shown first by Morton and then subsequently amplified by many others 
that cancer patients that are anergic fare worse than cancer patients that 
have intact skin reactivity particularly to DNCB. 

Second, Dr. Rolley in our laboratory has shown the opposite with 
the dialysis patient; namely that the dialysis patient who has intact 
cellular immunity and comes in for a cadaver transplant at our center has 
only a 14% chance of surviving with an intact transplant without rejec- 
tion at one year. On the other hand, those individuals that are anergic 
have a 68% chance of surviving one year with intact renal function. 

Thirdly, in the injured patient as Dr. MacLean has indicated, DNCB 
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skin test reactivity, a gross measure of intact cellular immunity seems to 
have a vital differentiating action here. 

Now, as to what can be done, we have tried to look at one agent. 
Levamisole, which Dr. MacLean mentioned. This was developed as an 
anti-helminthic and, lo and behold, was found to augment cellular 
immunity. In studies of patients with cancer it converts about a third of 
the anergic patients to positive reactors. 

However, this is not a magic drug. The patients who have been 
converted to positive really seem to fare no better than if they had 
remained DNCB negative. 

Whether this will work on what aspect of the mechanism of DNCB or 
imparied cellular immunity, remains, | think. a fundamental question. 

All of the discussion today is totally appropriate because I think the 
very mechanisms responsible for the anergic man estations of the se- 
verely injured, cancer patient and transplant patient. need full elabora- 
tion before the magic bullets can be found to correct the defects. 


Dr. JONATHAN E. RHOADS (Philadelphia): The very interesting reports 
we've heard and the discussion both call to mind the several experi- 
ments that Jacob Fine did in the late fifties in which he tested the ability 
of the shocked animals to clear a load of bacteria from the bloodstream. 

The results were striking in that the animals were unable to clear the 
bacteria at anything like a normal rate if they had been shocked and this 
disability was quite in proportion to the degree of shock. 

I| wanted to ask Dr. MacLean to what extent the patients in his series 
might have suffered periods of hypotension. 


Dr LLovb D. MacLean (Closing discussion): We have not clinicaily 
defined the serum factor. We know it's of small molecular weight. It 
does not appear to be an alpha-globulin. We are, of course, very much 
aware of Dr. Mannick's work in this area. 

There is another difference. The material that we have tested does not 
inhibit the PH A reaction in the few patients in whom we have found it. 

We've spent our last few months rather than chemically defining it, 
trying to get a standard quantitative, reproducible mixed lymphocytic 
culture reaction by using several donors as the stimulus so we cover a 
lot of HLA possibilities and in so doing a lot of MLC possibilities as 
described by Osaba and Falk. I think once we have this underway. we 
should be in a better position to identify more patients with the inhibi- 
tory serum which predisposes to infection. 

In answer to Dr. Hardy's question. we have sporadically and. in à not 
very well controlled fashion, used levamisol and transfer factor. These 
are usually later in the patient's illness and our clinical impression so far 
is that it has not helped. This possibility to alter immone responses 
should be properly tested. 

Dr. Blakemore suggested that operation and anesthesia and other 
things related to surgery have an effect. We're very much aware of his 
paper in Lancet on this and it was one of the reasons why we did a 
preoperative group so that these factors wouldn't influence the result, 
The lymphocytes themselves in vitro from these patients react normai- 
ly. 

Dr. Bernard and Dr. Pruitt have very correctly brought up the normal 
patterns of resistance to surgical infections which involves the inflam- 
matory response. Cell mediated immunity is looking at an entirely 
different type of response. 

We looked in the literature for examples where one might find inhi- 
bited CMI to see what sort of infections these people have? Weil, 
chronic mucocutaneous candidiasis is such a disease and surprisingly 
patients so afflicted have completely normal polymorph function and 
inflammatory response. including opsonins, but do have a totally dis- 
turbed cell mediated immunity side of their resistance. However. they 
die of bacterial infections including pneumococcal pneumonia and the 
usual gram negative infections. 

This reassured us when we had read those papers that maybe it 
wasn't surprising that we were seeing the usual kind of infection in a 
patient who in the textbook probably should be a candidate for tuber- 
culosis, brucellosis. fungi, viruses and other infections associated with 
impaired cellular immunity. 

In answer to Dr. Rhoads’ question, again | think we did control the 
matter of shock as an influence by using a preoperative group. The risk 
factors that we used are those I think are standard and I meant those to 
mean prior to the time of using the skin test as a guide. 








Sepsis, Resuscitated Hemorrhagic Shock 


and "Shock Lung:" 


An Experimental Correlation 


BARRY C. ESRIG, M.D., ROBERT L. FULTON, M.D.* 


Dogs were submitted to hemorrhagic shock, resuscitated shock 
and resuscitated shock plus a pulmonary bacterial insult. Pulmo- 
nary failure was absent in dogs submitted only to shock or to 
shock and its resuscitation. The addition of usually sub-lethal 
amounts of micro-organisms to the shock-resuscitated lung 
caused rapid death from pulmonary failure. Pulmonary failure 
was demonstrated by increased lung weight, hypoxemia, de- 
creased compliance and a hemorrhagic destruction of lung tissue. 
These findings strongly support recent concepts of an infective 
genesis of ‘‘shock lung’’ in man. 


poros FAILURE following shock, trauma and dif- 
ficult surgical procedures is a frequent cause of mor- 
bidity and mortality.!!?* It has become evident that such 
lung failure is usually associated with bacterial infection, 
either pulmonary or remote.!!!5?? The ability to produce 
pulmonary changes with hemorrhagic shock"? large 
volume fluid infusion and intravenous injection of 
vaso-destructive products??? in the laboratory is well 
established. However, most of these investigations do 
not closely mimic clinical shock, its treatment or the 
occasionally occurring pulmonary failure. 

A causative association between hemorrhagic shock 
and pulmonary failure, so-called ‘‘shock lung,” has been 
questioned by several investigators.5'!!?-5 Even most 
enthusiastic advocates of "shock lung” have not been 
able to produce lethal lung failure purely from hemor- 
rhagic shock. Although some physiologic and anatomic 
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changes are evident in the lung during hemorrhagic 
shock,??' dogs dying of hypovolemia can be fully 
oxygenated until death.!?:1?.13 

Essentially all patients in whom post-traumatic pulmo- 
nary insufficiency occurs develop extrapulmonary or res- 
piratory tract sepsis*''?5 before or concurrently with 
lung failure. Even though Clowes and others? have 
shown experimentally that peritonitis with septic shock 
will lead to lung failure, no experimental association of 
hemorrhagic shock, bacterial infection and the occur- 
rence of pulmonary insufficiency exists. 

The purpose of the present experiment was to deter- 
mine if the shocked-resuscitated animal is more suscepti- 
ble to pulmonary sepsis and failure than the normal ani- 
mal. It was found that shock and crystalloid-resuscitated 
shock do not produce true lung failure and that the 
shock-resuscitated lung was more susceptible to pulmo- 
nary sepsis and subsequent failure than the normal organ. 


Methods 


Conditioned mongrel dogs weighing 13-30 kg were di- 
vided into four groups. Group I (shock only) was submit- 
ted to a modified Wiggers' type of hemorrhagic shock, 
receiving only shed blood following the period of 
hypotension. These animals were monitored until death 
occurred or was clearly imminent. Group II (resuscitated 
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TABLE |. Physiologic Variables Determined. 


Variable Method of Measurement 


MAP (arterial pressure) Statham 23 Db strain gauge 
PAP (pulmonary arterial pressure) connected to Beckman 
PWP (pulmonary wedge pressure) Dynograph R411 


Arterial and venous blood gases Instruments Laboratory (IL) 
blood gas analyzer 

Pœ, Pc, pH (Model 113) 
Alveolar % CO, Beckman medical gas analyzer 


(10 breaths) 


Hemoglobin Cyanmethemoglobin method 


Tidal volume 
Respiratory rate 
Oxygenation consumption 


Collins’ spirometer 
Delivering 100% O, after 
10 minutes’ stabilization 


Harvard respirator with airway 
clamped. Pressure measured with 
strain gauge and Dynograph" 


Compliance 


shock) differed from Group I in that the shed blood was 
supplemented by a large amount of intravenous Ringer's 
lactate (R/L) solution (17 mEq Na/kg). Group III (shock 
and bacteria) was submitted to shock, resuscitated with 
R/L and blood and then given an intra-tracheal injection 
of 2 x 10° Pseudomonas aeruginosa organisms. The 
fourth group of dogs (bacteria only) received an intra- 
tracheal injection of pseudomonas. The later three 
groups were monitored for 48 hours. 

The dogs were given intravenous pentobarbital (30 
mg/kg) and the tracheae were intubated. Arterial pres- 
sure (MAP) was measured with femoral artery cannulas. 
A Swan-Ganz catheter was introduced into the pulmo- 
nary artery from the jugular vein. A femoral vein cannula 
was placed for withdrawal and infusion of blood and 
solutions. After preparation, the variables listed in Table 
| were measured. Following initial (control) measure- 
ments, the dogs in Groups I, H and III were rapidly bled 
to a MAP of 50-60 mm Hg. This pressure was maintained 
for 90 minutes after which time the MAP was lowered to 
30 mm Hg for an additional 60 minutes. At the end of this 
time all variables were measured. In Group I (shock only 
— 8 dogs), all of the shed blood was returned in a 30- 
minute period. In Groups II (7 dogs) and III (8 dogs), the 
shed blood plus 74 ml/kg R/L was given in the 30-minute 
period. At the end of this period (pTX), the physiologic 
measurements were repeated. Group I received no 
further treatment, and measurements were obtained at 2, 
4 and 6 hours following re-infusion of blood. Groups II 
and III received additional R/L (52 ml/kg) in a four-hour 
period with determinations made at 2 and 4 hours. At the 
end of 4 hours, the Group II animals were returned to 
their cages. The Group III dogs received pseudomonas 
intra-tracheally before being returned to their cages. The 
surviving dogs were re-examined at 24 and 48 hours, and 
survivors were sacrificed at 48 hours. The Group IV dogs 
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(bacteria only) received the intra-tracheal injection of 
Pseudomonas aeruginosa after cardiovascular and pul- 
monary function had been determined. The variables 
were remeasured 24 and 48 hours later. At 48 hours, the 
dogs were sacrificed. 

After death or following sacrifice, both lungs were 
excised and weighed. Small segments were removed for 
histologic examination (formalin fixation; hemotoxylin 
and eosin stain). Other segments were taken, weighed 
and dried at 150 C for 3 days for determination of per cent 
water: 

% H,0- Wet Weight - Dry Weight 


Wet Weight 

From the data obtained from the measured variables. 
the functions shown in Table 2 were obtained. Cardiac 
output was calculated from oxygen consumption mea- 
sured with the spirometer using 10096 O, over a five- 
minute period. The arterial and venous O, content was 
determined from the hemoglobin, Po, and pH measure- 
ments. Saturation was obtained using a standard nomo- 
gram. 

Blood O; content (Cx) = (1.34 x Hgb x % O, satura- 
tion) + .0031 Po. 

Alveolar PCO, is obtained from the percent of CO, in 
mixed expired air (average 10 breaths): 

(Barometric pressure—47 mm Hg) x % CO, = Alveolar 
PCO, 

The ventilation-perfusion ratio (Va/Qc) was estimated 
from the end capillary and venous O, content, the in- 
spired fraction of O, (F,;O,) and the alveolar fraction of 
O: FiO = (Barometric Pressure—47 mm HG-—Paco.Y 
Barometric Pressure. This determination, made with an 
F,O, of 1.0, was uncorrected for differences in inspired 
and expired air and represents only an estimate’ of 
ventilated-to-perfused lung tissue. 

The physiologic variables obtained from living animals 
must be considered to represent the maximum numerical 
mean in any particular group. The variables were com- 
pared to control values and between groups using the 
two-tailed Student's t test. Significance of mortality dif- 
ferences between groups was compared using the Yates’ 
corrected Chi-squared analysis." 


TABLE 2. Calculated Variables. 
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Results 


Fig. 1 depicts the mortality rate as a function of time. 
One of the ‘shocked’ dogs (1/23) died just before re- 
infusion of blood. The ‘‘shock-only’’ dogs had a steady 
attrition through the 6-hour period of measurement with 
four dying before this time. The other four dogs had 
severe acidosis, very low cardiac output (35% of control) 
and bloody diarrhea. None of these dogs would have 
survived 24 hours, and the experiment was terminated in 
order to obtain fresh lung specimens. Based upon the 
physiologic state of these animals and upon work of 
others,*** it is unlikely that the 24-hour mortality of this 
group would have been less than 87%, 

One of the dogs in the ‘‘bacteria-only”’ group (12%) 
and one in the "'resuscitated-shock"' group (14%) died 
before 48 hours. All of the "'shock-plus-bacteria dogs 
died within 36 hours. This mortality rate was significantly 
different than the ‘‘bacteria-only’’ and ‘‘resuscitated- 
shock” groups (P<0,005). These data indicate that the 
shock-resuscitated lung is more susceptible to bacterial 
infection than is the normal lung and that properly resus- 
citated shock does not lead to fatal pulmonary failure. 

Significant increase in lung weight occurred in all 
groups (Fig. 2). The normal lung weight for dogs was 
determined previously.? The increase in lung weight in 
the '"'shock-only"' group was 2.1 gm/kg, and in the 
"resuscitated-shock"' group only 2.6 gm/kg, clearly not 
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Fic. 1. The mortality rate 

of the four groups of dogs 

j is shown. At 48 hours, all 

A of the ‘‘shock-plus- 

bacteria" dogs had died 

either of sepsis or pulmo- 

nary failure. * indicates 

that the mortality was sig- 

nificantly (P<0.05) differ- 

ent than the resuscitated 

shock group and A indi- 

V4 cates a mortality signifi- 

J^ cantly higher than the bac- 
f teria only group. 
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representing pulmonary edema. The lung weight in the 
"bacteria-plus-shock'"" group almost doubled. Per cent 
water increased (Fig. 3) in all groups, being highest in the 
groups given pseudomonas. From these data, shock and 
crystalloid-resuscitated shock apparently produce a 
slight increase in lung water and weight. The addition of 
bacteria to the "shocked lung" produces profound pul- 
monary edema representing severe lung damage. 

The lungs in Groups I, H and IV were histologically 
normal, except for very small areas of pneumonitis in 
Group IV (bacteria only). Fig. 4 shows the hemorrhagic 
pneumonitis and inflammatory congestion which de- 
veloped in the ''bacteria-plus-shock" group. Fig. 5 de- 
picts the severity of the shock state. Cardiac Output 
never fell significantly in Group IV and returned to nor- 
mal by 4 hours in the ‘‘resuscitated-shock”’ group. Car- 
diac output was severely depressed at 24 hours in the 
"shock-plus-bacteria'" group. Cardiac output never re- 
turned to normal in the dogs receiving only shed blood 
and was decreasing in the survivors at 6 hours. MAP 
failed to return to normal in all groups probably because 
of necessary repeated injections of pentobarbital. Arte- 
rial pH quickly returned to normal in the ‘“‘resuscitated- 
shock" group and remained so. Acidosis occurred in the 
"bacteria-plus-shock'' group after 6 hours and was per- 
sistent in the ""shock-only" group. These data show that 
the crystalloid resuscitation was adequate, that the sub- 
lethal dose of bacteria produces little cardiovascular 
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Fic. 2. The changes in lung weight at time of sacrifice or death are 
shown. © indicates a lung weight higher than normal (P<0.05); * indi- 
cates that the shock and bacteria group had a higher lung weight than 
resuscitated shock group and A indicates a lung weight higher than 
bacteria alone. There was no difference (NS) between shock only and 
resuscitated shock lung weights. 


damage and that the poorly resuscitated animals were 
dying. 

Arterial Po, and PCO, changes are shown in Fig. 6. 
Relative hypoxemia (PO, less than control) occurred dur- 
ing hypovolemic shock, transiently in the ‘‘shock-only”’ 
dogs, never in the resuscitated animals, slightly in the 
dogs given bacteria alone and became profound in the 
‘‘shock-plus-bacteria’’ dogs. Carbon dioxide retention 
occurred during hypovolemic shock and persisted in the 
non-resuscitated animals but was lacking in the other 
groups. Hypoxemia is present in severe shock but is 
easily reversible even with inadequate resuscitation and 
hypoventilation. Hypoventilation, perhaps relative, is 
indicated by the retention of CO, during the hypovolemic 
phase and in the “‘shock-only”’ group. 
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Fic. 3. The percent water increased slightly in all groups (G9 indicates a 
value higher than normal (P<0.05) ). Otherwise, there was no differ- 
ence (NS, NS’) between groups. 
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Ventilatory changes are depicted in Fig. 7. 
Hypovolemic shock produced an average increase in rate 
and minute volume; tidal volume was unchanged. There 
was little change in respiratory volume or rate attributa- 
ble to shock or its resuscitation. Minute volume, result- 
ing from rate increase, was elevated in the "'shock-plus- 
bacteria’ group. The lack of a hyperventilatory response 
in the ‘‘shock-only’’ group despite increased PCO, and 
lowered pH indicates that shock produces an inability to 
respond to normal respiratory drive mechanisms. This 
implies that the slight respiratory deficit seen in shock is 
attributable at least in part to relative hypoventilation. 
The ‘‘normal’’ response to acidosis—hyperventilation 





Fic. 4. Histologic examination of the lungs of the shock-plus-bacteria 
group showed destruction of lung tissue, hemorrhage and acute inflam- 
matory changes. The lungs of the other groups were essentially normal. 
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Fic. 5. The severity of the shock state and the time course of various 
functions in the dogs are shown. In Fig. 5 through 10 the following 
symbols are used: (9 — value different than control (P<0.05); *=value 
different than resuscitated shock (P<0.05); A value different than 
bacteria only (P<0.05). NS, NS'— value no different than resuscitated 
shock or bacteria only. No sign means the value was no different than 
control. 


Control pix 6 hr 


with increased rate and minute volume—is seen in the 
"shock-plus-bacteria" group. Because this group was 
relatively hypoxic, severe parenchymal changes are re- 
flected by these latter data. 

There was a slight but transient decrease in lung com- 
pliance resulting from hemorrhagic shock (Fig. 8). The 
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Fic. 6. Alterations in arterial Po, and Pco, are depicted. Hypoxemia 
occurred during hypovolemic shock (HVS) but reversed following 
transfusion (p Tx) and essentially was absent in the shocked and resus- 
citated dogs. Persistent hypoxemia occurred only in the shock-plus- 
bacteria group. Hypercapnia was persistent only in the blood only 
group. 


Control pix 


compliance in the ""shock-only"" group was normal near 
death. Fluid resuscitation had little effect upon com- 
pliance. Bacteria alone produced a persistent decrease in 
compliance. Profound loss of compliance occurred only 
in the ""shock-plus-bacteria"" dogs. 

PAP was elevated, as was PWP during resuscitation 
with crystalloids and blood (Fig. 9). Otherwise, pulmo- 
nary vascular pressures were nearly normal despite 
changes in pulmonary vascular resistance (PVR). Crys- 
talloid resuscitation had no lasting effect upon this vari- 
able. PVR increased to high levels in the *‘shock-plus- 
bacteria" group. In the "shock-only"' group, the in- 
creased PVR is probably related to a vasomotor 
mechanism, although in the ‘‘shock-plus-bacteria’’ group 
it is also related to pulmonary congestion and collapse of 
capillaries by edema.?? 

The changes in PVR produce alterations in the dis- 
tribution of blood flow as implied by changes in Vd/Vt 
and Va/Oc (Fig. 10). Because the PAP is low during 
hypovolemic shock, little of the lung is perfused, but it is 
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ventilated resulting in an increase in Vd/Vt and Va/Qc. 
Adequate resuscitation increases blood flow with rapid 
return to normal Vd/Vt and a slightly increased Va/Qc. 
Unresuscitated shock never allows pulmonary blood 
flow to return to normal because of persistent low PAP, 
increased PVR and hypovolemia. As the minute volume 
remains normal and blood flow decreases in the **shock- 
only" group, the changes in Vd/Vt and Va/Qc result from 
the ventilated lung being underperfused. Similar 
mechanisms occur in the “‘shock-and-bacteria’’ dogs, but 
because they have parenchymal damage, the blood also 
flows through damaged lung resulting in hypoxemia. 

It can be concluded then that shock alone produces 
very little lung damage, and that which occurs is caused 
by lowered blood flow, relative hypoventilation from 
neuromuscular disorder and an alteration in ventilation- 
perfusion distribution. That these are reversible is shown 
by essentially normal lung function in properly resusci- 
tated dogs. The crystalloid infusion, even to the point of 
elevated PAP and PWP, produced only a slight increase 
in lung water but no defects in ventilation, perfusion or 
gas exchange. Bacteria alone produced a slight but tran- 
sient change in lung function, the most marked being 
edema, as manifested by increased lung weight and de- 
creased compliance. 

The bacterial load imposed upon the slightly edemat- 
ous resuscitated lung leads to a rapidly lethal pulmonary 
injury manifested by the profound increase in lung weight 
and severe deterioration of function. Certainly, the car- 
diac output was lowered, but this could result from inabil- 
ity to perfuse through the lung as well as from circulating 
toxic or septic products or infection. 

Clearly, then, hemorrhagic shock produces little ir- 
reversible lung damage but does make the lung much 
more susceptible to infection than it normally would be. 
Probably it is the effects of bacteria, rather than shock or 
its resuscitation, which produces pulmonary failure fol- 
lowing severe hemorrhage. 


Discussion 


Wounded and presumably shocked humans suffer 
hypoxemia.?? Pulmonary failure occasionally develops in 
critically injured or ill man.** Although many attempts 
have been made to determine the causative mechanisms 
of such failure, it has been difficult to separate the multi- 
ple factors associated with shock and its treatment into a 
meaningful theory explaining the genesis of a "shock- 
lung." 

Recently Horovitz and co-workers'? have indicated 
that sepsis following shock is highly associated with the 
development of pulmonary failure. Fulton and Jones,” 
using a statistical analysis of the occurrence of lung fail- 
ure in a large group of patients, found that pulmonary 
failure was nearly always associated with sepsis even in 
the absence of other supposed etiologic mechanisms such 
as hemorrhagic shock. Further, they found that shocked 
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Fic. 7. Ventilatory changes which occurred are illustrated. Minute 
volume increased only in shock and bacteria group. inappropriate 
"normal" minute volume occurred in the blood-only group despite 
acidosis and hypercapnia. 
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patients were more likely to become septic and that sep- 
sis frequently preceded pulmonary failure. 

Clinically, it is impossible to determine the effects of 
pure hypovolemia upon lung function as no patient is 
treated for long without infusion of blood, blood products 
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or crystalloid solutions. Clinical pulmonary failure is 
often associated with such fluid infusion. Gump and 
others’ demonstrated a large increase in lung weight, 
water, albumin and sodium in patients dying during such 
resuscitation. Abrams and co-workers! correlated a de- 
crease in pulmonary function with the positive load of 
salt and water. Collins and others? have shown experi- 
mentally that lung water increased after resuscitation 
from shock with crystalloids but failed to demonstrate 
pulmonary failure. Similarly, Fulton and Fischer? found 
slight functional damage from saline infusions following 
shock but did demonstrate increased lung weights and 
percent water. From these investigations and the present 
study, it can be stated that hypovolemic shock prolonged 
until death produces almost no pulmonary dysfunction 
and that the respiratory dysfunction which occurs is re- 
lated to mechanics and blood flow distribution.” Further, 
the changes that occur are reversible with large volume 
fluid treatments. However, large volume fluid therapy 
does lead to a transient period of increased lung water 
and some decrease in lung function. Fulton and Jones 
found that patients receiving such treatment required 
ventilatory therapy more often than patients not receiv- 
ing such treatment." In the absence of sepsis, such pa- 
tients were weaned from respiratory support by 96 hours. 

The present study has indicated that shocked and re- 
suscitated dogs could not tolerate a usually sub-lethal 
injection of bacteria. Several mechanisms for such sus- 
ceptibility to infection are possible. One is that shock 
produces an immune deficiency allowing rapid growth of 
pathogenic organisms. Certainly, patients in shock (but 
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FiG. 8. Changes in com- 
pliance are shown. ''Stiff" 
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usually also badly injured) are more likely to become 
infected than patients not in shock. However, experi- 
mental proof of altered immunological responsiveness, 
either cellular or humoral, resulting from shock is absent. 
A second possible mechanism is that the lung is some- 
what edematous following resuscitated shock. La Force 
and others? have demonstrated that pulmonary edema 
does reduce the ability of the lung to withstand bacterial 
insult. As other edematous pathologic conditions such as 
pulmonary contusion*!* and inhalation injury?" predis- 
pose to infection, it is not unlikely that a major cause of 
decreased resistance in the lung is local effect. 

The sequence of events leading to pulmonary failure 
following shock seems clear from our own clinical 
studies" and these experiments. Shock attributable to 
hemorrhage produces a mild hypoxemia and necessitates 
fluid therapy. The mechanics of distribution of fluid 
loads? suggest that some of the infused volume load, re- 
gardless of content, will enter the interstitium of the lung. 
Partly because of this edema and perhaps other factors, 
the lung loses its ability to repel bacterial invasion suc- 
cessfully. Pulmonary infection then leads to pulmonary 
failure or "shock lung.” 
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Fic. 10. Dead space ratio (Vd/Vt) increased during shock and poorly 
resuscitated shock (blood only). Dead space also increased in the shock 
and bacteria group. The mechanisms are probably different. Estimated 
ventilation perfusion ratio (Va/Qc) also increased in these groups. As 
the shock and bacteria dogs were hypoxemic, it is evident that paren- 
chymal damage was present in some of the perfused lung. 
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DISCUSSION 


PROFESSOR LARS-ERIK GELIN (Goteborg, Sweden): The preliminary 
response to shock and the development of the shock lung have been 
major concerns in our laboratory. In relation to the very interesting 
paper presented by Dr. Fulton, I should like to make a comment on this 
problem with reference to our recent findings in the septic shock and 
made by Drs. Myrvold and Heideman. 

(Slide) Immediately following an intravenous injection of 
pseudomonas endotoxin in dogs, there is a sudden decrease of 
chromium-51 labeled platelets in the blood and sudden accumulation of 
chromium-51 in lung biopsies taken at frequent intervals after the injec- 
tion of endotoxin. 

The platelet counts in blood might drop to zero values and the 
dispropensity between the chromium-51 in the blood and the platelet 
count depends on the very marked aggregation of plateltes induced by 
this endotoxin. The aggregates are not included in counting but were in 
the radioactive measurements of blood. 

(Slide) The ultrastructural analyses of lung biopsies show accruments 
after the endotoxin injection of platelet count with two included leuko- 
cytes and extravasation of red cells. 

(Slide) These rheological events parallel the following hemodynamic 
alterations. Aortic pressure drops while pulmonary artery pressure 
increases and left atrial pressure remains constant. Cardiac output 
decreases as measured with a flow probe on the aortic arch. Thus, there 
was an immediate increase of pulmonary vascular resistance. These 
hemodynamic and rheologic disturbances were reduced but not 
abolished in dogs made thrombocytopenic by anti-platelet serum the 
day before injection. Defibrinogenation before endotoxin injection did 
not however influence the pulmonary response to entotoxin, nor did 
heparinization. 

Thus, activation of the coagulation system does not seem to be a 
responsible mechanism for this very hemodynamic and rheologic 
changes. 

We have, therefore, started to look for other mechanisms to explore 
the role of the complement system in shock. The complement system is 
known to be regulated by antigen-antibody reaction. This specific activ- 
ity consumes available complement. 

(Slide) Contusion injury, as well as burn injury, consumes also com- 
plements, sometimes total depletion of complement. In this slide contu- 
sion injuries induced an early activation of the complement system 
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expressed as hemolytic index. Complement activation is known to in- 
duce an immediate aggregation of platelets and red cells by damage of 
the cell membrane leading later on to cytolysis. 

Cytolysis is known to occur from antigen-antibody reactions, but 
contusion and burn injury apparently provoke a non-specific activation 
of the complement system which might explain some of the events 
leading to the shock lung. 


Dn. BEN EisEMAN (Denver): These two papers have struck a particu- 
larly familiar theme to us because these have been a subject of our 
interest at the Denver General Hospital in our trauma unit. 

First, as to the traumatic, "wet" lung or the adult respiratory distress 
syndrome—at the Southern Surgical a few months ago, we recorded the 
equivalent clinical aspect of this, namely in reviewing the 12 month 
history of respiratory distress syndrome, we found that we lost none of 
our patients in the early respiratory distress syndrome, but did lose five 
out of six of the late respiratory distress syndrome patients. All were 
septic, thus emphasizing the importance of sepsis in failure of the lung. 
Previously, at the University Surgeons a couple of months ago, we re- 
corded the equivalent in liver disease. Our interest at the moment is in the 
effector aspect of this. You get a depressed immunologic response. You 
get sepsis. Then sepsis in turn precipitates what we call organ failure. 
Others call it differently, but this vicious cycle of liver failure, heart 
failure, brain failure, etc. 

We have studied 28 patients who have undergone multiple organ 
failure of this type where one organ fails—21 out of the 28 had sepsis. 
rather, as the clear etiologic factor in this. Two-thirds of these patients 
died. If one organ failed, then the next organ went out serially and, of 
course, it's a very difficult vicious cycle to break. 

Our interest is in describing this multiple organ failure syndrome or 
sequence, and figuring out what actually knocks out these organs once 
this infection has started. It's perhaps, as Lars Gelin has indicated, the 
complement activation factor that does it. 

For those who don't treat many severely injured patients, it may 
seem that this is rather a rare occurrence. All of you, however, who do 
have large trauma units, where there are severely injured patients, 
know that major infection is really the final common pathway of death 
in a very large series of patients and it's usually in this syndrome of 
multiple organ failure. I think these two papers point out that antibiotics 
have not seriously altered this fact. 
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Dr. THOMAS C. Moore (Torrance, California): I think when we look 
at the body defense system we're dealing with three major systems: the 
antigen-antibody interaction, coagulation-fibrinolysis, and the inflam- 
matory reaction. These are very closely related to Dr. Ratnoff, whose 
name was mentioned, who described these as a seemless web of 
biologic defense. I think in looking at these various factors we must bear 
in mind the gun barrel attitude of considering just one aspect simply 
won't do. There's a great forest out there and I think we need a broad 
vision camera to take it all in. 

I think Dr. Gelin pointed out the role of the coagulation-fibrinolysis. 
This involves many systems as well, and the vasoactive substances 
respond, the metabolism as well. We have, in addition, the phenomenon 
of antigenic competition. As we look at some of the factors described 
this morning, one wonders about the endotoxins that Dr. Gelin again 
referred to, as possibly being related to some of this immunosuppres- 
sive factors. 

Some of these may have a stimulatory, some an inhibitory effect and I 
think we must have the whole picture in mind as well. These do 
interrelate very closely. One is tempted to wonder if somewhere down 
the line we may even be tempted to drain off these factors which appear 
in the plasma presumably and possibly replace this plasma containing 
an absence of this bacteria in the presence of other factors as well. 


DR. Larry C. Carey (Columbus, Ohio): This paper is very gratifying 
to me because it confirms what I’ve believed for a long time. It became 
obvious in resuscitating young, badly injured patients in Vietnam that 
one could not produce progressive pulmonary insufficiency simply by 
the infusion of large amounts of fluid, whether it was blood, albumin 
containing solutions or Ringer's lactate. One can produce pulmonary 
edema. 

While we did not produce pulmonary edema in young casualties in 
Vietnam, we did produce it in a few young casualties in Pittsburgh who 
were not quite so badly injured and were resuscitated perhaps more 
vigorously. 

There are several questions I would like to ask Dr. Fulton. One has to 
do with his observation that compliance diminished during shock. This 
is contrary to most observations and ordinarily compliance is greater 
during shock, that is the lung is more compliant when the animal or the 
human ts hypovolemic. 

Secondly, whether the introduction of intravascular bacteria has been 
tried as a method to produce progressive pulmonary insufficiency as 
opposed to intratracheal insufflation of the bacteria? 

And, thirdly. if there’s any explanation to account for the difference 
in observation between total lung weight and total lung water because 


SEPSIS AND "SHOCK LUNG" 


227 


the lung weight in the animals with progressive pulmonary insufficiency 
was increased. and the lung water did not appear to be. 

I believe the answer to progressive pulmonary insufficiency is not just 
sepsis. It is attractive to hypothesize that shock sets the lung up for 
progressive pulmonary insufficiency and then if one adds to the set up 
lung. fat embolism, aspiration, infection, direct pulmonary contusion, 
that any of those factors may then trigger the development of the 
progressive pulmonary insufficiency and bacteria alone perhaps may 
not be the only triggering mechanism. 

Finally, 1 think it will be interesting to see whether the Eiseman 
"domino theory" of progressive organ failure, multiple organ failure, 
will be as accurately predictive as the political domino theory in South- 
east Asia. 


Dr. RoBERT L. FuLTON (Closing discussion): This investigation was 
concerned mainly with some gross effects. The microscopic reasons 
that Dr. Gelin and other people pointed out are going to lead us to the 
answer to what happens between giving the bacteria and what makes 
the lung fail. There are certainly circulating factors that are important in 
the genesis of post-traumatic pulmonary insufficiency. 

In our clinical study which we reported earlier this vear, most of the 
patients had as their primary source of infection some extra-pulmonary 
source of sepsis, that is mainly the abdomen, subphrenic abscesses and 
so forth. 

We believe from this experimental data that the circulating factors are 
important, either platelets, fat emboli or what not. and we believe that 
these are set up by the sepsis or infection. 

In answer to some of Dr. Carey's questions, the compliance went 
down. This was total thoracic compliance. | would expect that since 
these dogs are paralyzed, (that is, dogs in hemorrhagic shock don't 
move much) that their thoracic compliance would have increased, but it 
does go down. This indicates a pulmonary decrease in compliance. 

Other investigators have found that the compliance was decreased 
during the hypovolemic phase of hemorrhagic shock, but the reasons 
are really unknown. 

We did not try intravascular bacteria. I'm not sure what would 
happen. 

The lung water did go up in all groups. The lung weight also went up. 

As you saw in the last microscopic section, this is not necessarily 
pulmonary edema. It’s a consolidation of cellular products and they 
carry this 80% water to the lung as the lung has itself so you would not 
expect the per cent water to go up necessarily. 

As I said, I agree with the other factors outlined by Dr. Carey as 
having some role in the genesis of shock lung. 
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The authors have defined the subspecialty of craniofacial surgery 
and described the organization of the multi-disciplinary team 
required to care for such patients. Common features of the 
craniofacial patient have been summarized and three major 
categories of patients have been proposed. These are: I. Syn- 
dromes associated with hypertelorism; II. Syndromes associated 
with premature synostoses or growth arrests; III. Syndromes 
associated with primarily mid- and lower face anomalies. Grow- 
ing out of an experience with 242 operations on 106 patients, the 
authors have listed 9 relatively new surgical ‘‘principles.’’ Each 
has led to a current surgical approach that is now being employed 
by the craniofacial team at The University of Virginia. A number 
of examples are given to show ways in which the lessons learned 
from the craniofacial patients are now being applied, with im- 
proved results, to patients with neoplasms, traumatic injuries, or 
other conditions. 


RANIO-ORBITO-FACIAL SURGERY 1S a rapidly develop- 

ing surgical subspecialty. Dr. Paul Tessier?” of 
Paris deserves enormous credit for developing and 
spreading the new approaches to the treatment of these 
severely deformed children. 

In the United States, reports by Converse, Murray," 
Lewin, Munro? Salyer,’ as well as our own’? have 
documented the success of these operations. 

Initially, it was thought that the rarity of these defor- 
mities would limit the application of the newly learned 
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surgical techniques. However, many more children were 
referred than expected. We also saw large numbers of 
children with relatively mild degrees of deformity who 
are appropriate candidates for these surgical techniques, 
now that reasonable safety has been demonstrated. 

Perhaps no medical condition or disease seen today in 
a large medical center requires the active involvement of 
so many different highly skilled health professionals as 
does the child with major facial clefting, involving dis- 
placed eyes, bifid nose, absent ears, and malformed jaws. 
Team coordination is critical (Tables | and 2). 

Medical students, residents, nurses, and paramedics 
also find the complexities of diagnostic analysis and 
treatment planning for the child with a major craniofacial 
deformity to be a classic demonstration of the need for 
intercommunications among medical specialities. Such 
programs tend to reverse the traditional tendencies of 
medical specialties to become more isolated from one 
another. The needs of the craniofacial patient involve 
many connecting bridges between medical disciplines 
and serve to unify concepts. 

A second characteristic of the ‘‘craniofacial’’ patient is 
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TABLE |. Craniofacial Team-Diagnostic 
* 
Orthodontist 
Pedodontist 
Neurologist 
Speech Pathologist 
Audiometrist 
Endocrinologist 
Medical Photographer 
Computer Scientist 


Pediatrician 
Geneticist 
Plastic Surgeon 
. Neurosurgeon 
Otologist 
Opthalmologist 
Radiologist 
Oral Surgeon 


that often the deformity has been left untreated in early 
childhood, or, if surgery was attempted, only superficial 
and relatively unsatisfactory corrections of the defects 
were accomplished. Many of these children are now 
being discovered in institutions for the mentally retarded, 
where a baby would be placed shortly after birth because 
of a grotesque facial appearance with no one realizing, 
until years later, that the child might have a perfectly 
normal intelligence. 

A third feature of the “‘craniofacial’’ patient is that 
surgical re-arrangement of the orbital and skull base ar- 
chitecture is usually best, or most safely, accomplished if 
the cranial cavity is opened. This improves surgical ex- 
posure, protects the brain and dura, reduces the danger 
of postoperative meningitis, and makes possible the syn- 
chronous correction of cranial and facial aspects of cer- 
tain deformities. 


Frequent Diagnoses at the Virginia Craniofacial Center 


There are several major categories of deformity that 
make up the patient material referred to a craniofacial 
center. Over the past 5 years (June 1970 to June 1975), 
at The University of Virginia, we have carried out 242 
operations on 106 patients with major craniofacial de- 
formities. Although there is a significant degree of over- 
lap of syndromes, most of the patients can be considered 
primarily in one of the following groups: 

I. Hypertelorism (or Hyperorbitism): This is a 
symptom and not a specific disorder. It includes all 
anomalies that result in wider than normal separation of 
the medial bony walls of the orbits. The diagnosis is 
based on the measurement of the bony intercanthal dis- 
tance by x-ray tomography or by caliper at operation. 
The most common syndromes associated with hyper- 


TABLE 2. Craniofacial Team-Therapeutic 


Pedontist 

Prosthodontist 

Speech Pathologist 
Resp. Physiologist (ICU) 
ICU Nurse Team 
Pediatric Psychiatrist 
Orthopticist 

Bioengineer 


Plastic Surgeon 
Neurosurgeon 
Anesthesiologist 
Oral Surgeon 
Opthalmologist 
Otolaryngologist 
Audiologist 
Orthodontist 
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TABLE 3. Syndromes with Major Degrees of Hypertelorism 
(Preventing Stereopsis) 


. Primary Hypertelorism (Greig's Syndrome) 
. Median Fronto-Nasal Clefts 

. Bilateral Para-Median Facial Clefts 

. Unilateral Para-Median Facial Clefts 

. Frontal or Nasal Encephaloceles 

. Frontal or Nasal Meningoceles 

. Lateral Nasal Clefts (? Goldenhar' s) 


telorism may be conveniently divided into two groups. 
depending on the degree of hypertelorism encountered 
with each condition. (Tables 3 and 4). Other rare condi- 
tions are also associated with increased bonv intercanthal 
distances. 

Many syndromes also cause hypercanthorum (or in- 
creased width of soft tissues between the eves—with or 
without the formation of epicanthal folds). These condi- 
tions are not listed as they do not involve true increase in 
width of the ethmoid or interorbital bony complex. They 
may be corrected surgically by extra cranial reconstruc- 
tions of orbital walls and canthal ligaments. 


II. Deformities Associated with Early Arrest of Growth 
in Cranial and Facial Bone Suture Lines. (Table 4): 
Craniostenoses and faciostenoses (Delaire) are quite 
serious when multiple suture lines are involved. Charac- 
teristically, the lack of growth is accompanied by sym- 
metrical or asymmetrical distortions of the shape of the 
skull, orbits, face, nose and jaws. The intracranial cavity 
may be small and the patient may develop increased 
intracranial pressure or hydrocephalus. Several of these 
syndromes are familial and hereditary. 


When orbital or maxillary bones are involved. the eyes 
may be proptosed out of the shallow bony orbits, sepa- 
rated more widely than normal, or lie at different hori- 
zontal levels in the face. Eye function may be disturbed 
due to optic atrophy, strabismus, or keratitis associated 
with poor lid closure. 


In many of these syndromes, multiple bones of the 
mid-face are small and have little growth potential, caus- 
ing the associated deformities to become progressively 


more grotesque with each passing year. Secondary de- 
formities of the teeth, tongue, lips. and lower jaw seem to 


TABLE 4. Syndromes Associated with Mild Ocular Hypertelorism 
Acrocephalosyndactyly (Apert's Syndrome? 

Larsen's Syndrome (with cleft palate and multiple dislocations) 
Craniocarpotarsal dystrophy (Whistling-Face syndrome) 
Craniofacial Dysostosis (Crouzon's Syndrome) 

Hurler's Syndrome (Gargoylism or mucopolysaccharidosis) 
Sprengel's Deformity (Klippel-Feil and Wilderranck's Syndrome} 
Dyscraniopygophalangy (Micrognathia, polydactyly. and genital 
anomalies) 

Orodigitofacial Dysostosis (OFD Syndromes) 
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TABLE 5. Growth Arrest Deformities of 
Cranial and Facial Bones 





. Premature synostoses of cranial bones 

. Crouzon's craniofacial dyostoses 

Apert's acrocephalosyndactyly 

. Sprengel's deformity (with oculo-auriculo-dysplasia) 

. Idiopathic infantile hypercalcemia 

. Oculomandibulodyscephaly (Hallermann-Streiff syndrome) 
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appear and increase as the child makes efforts to adapt to 
the hypoplastic parts of the face. Defective muscle pat- 
terns of speech, mastication, and expression are inevita- 
ble. Breathing may be so labored that sleep is difficult 
and general nutrition suffers. 

The most common clinical conditions in this group of 
growth arrests are: A) Combinations of premature synos- 
toses of the cranial bone suture lines (sagittal, coronal, 
metopic, and lambdoidal). We do not believe that fusion 
of a single cranial suture line will cause threatening re- 
striction to brain enlargement. It may, however, produce 
progressive, visible, asymmetric deformity if not cor- 
rected early. B) Crouzon's craniofacial dysostosis (optic 
nerve involvement is noted in 80% of untreated patients); 
C) Apert’s acrocephalosyndactyly; D) Sprengel’s deform- 
ity (with oculo-auriculo-dysplasia); E) Idiopathic infan- 
tile hypercalcemia; F) Oculomandibulodyscephaly 
(Hallermann-Streiff Syndrome). 

Other rare conditions are seen with premature cranio- 
or faciostenoses that result in orbital dystocias or 
asymmetries of the face or cranium. 

III. Deformities Involving Primarily the Bones of the 
Mid-face, Orbits, and Auriculo-mandibular Regions (Ta- 
ble 6): These conditions require early bone grafting to 
maintain facial symmetry and jaw elongation. Soft tissues 
are frequently hypoplastic and may need pedicle flaps to 
provide skin and fat. Missing external ears and facial 
paralyses are common. Eyelid colobomas, epibulbar 
dermoids, and palate deformities are common in this 
group of syndromes. Malocclusion and open bite deform- 
ities may be severe. Some of these syndromes are 
associated with aplasia of the corresponding cranial 
nerves. 

Grob? has described 13 different patterns of oblique 


TABLE 6. Deformities Involving Primarily Midfacial 
Orbital and Mandibular Regions 


. Hemifacial microsomia 

. Mandibulofacial dysostosis (T-C) 
Oculo-auriculo-vertebral-dysplasia (G.) 
. Congenital facial diplegia (moebius) 

. Romberg's disease 

. Oro-facial digital dysostosis 
Arrhinencephaly and cebocephaly 

. Micrognathia and glossoptosis (Robin) 
. Larsen's syndrome (dishface and CP) 
. Oblique facial cleft (meloschisis) 
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TABLE 7. Classification of Cranio-facial Anomalies 
Based on Treatment Requirements e 





Syndromes with hypertelorism 
Growth arrest deformities of cranial and facial bones 
Deformities involving primarily the midfacial skeleton and mandible 
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facial clefts that may occur in humans. All radiate from 
the oral stoma and 8 of these meloschises lie lateral to the 
attachment of the nose. 

The conditions listed in Tables 3 to 6 are those most 
commonly seen in the Virginia craniofacial program. 

Anesthesiology techniques are of special importance in 
children undergoing craniofacial surgery in three major 
areas: 1) the cardiovascular system and blood volume, 2) 
the respiratory and thermoregulartory system, and 3) the 
central nervous system. 
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FiG. |. Case A: This 8-year-old girl had premature synostosis of the 
left coronal and the anterior sagittal suture. At four months of age, 
synectomy of the left coronal suture provided additional room for 
growing brain, but persistent deformity of the forehead with dystocia of 
the orbits remained as the child grew older. 
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An arterial line is used on a continuous basis to mea- 
sure blood pressure, blood gases, and hematocrit. Its 
presence has made monitoring of vital signs sufficiently 
accurate that we now routinely use hypotensive 
techniques—even in infants. The only operative death in 
our 106 patients occurred early in the series in a small 
child, before we instituted the routine use of this essential 
monitoring technique. 

This reduces blood loss and operating time. Deep 
halothane or sodium nitroprusside has been used to keep 
the systolic blood pressure at 50 to 70 mm Hg. If tissue 
perfusion is adequate, no base deficits develop. Using 
this technique, we have had no postoperative deficits. 

The addition of humidification to the anesthetic gases 
(12-16 mg H;O/l) prevents epithelial necrosis of the 
tracheobronchial tree. To reduce heat loss, we now also 
warm anesthetic gases to 35-37 C and warm all intraven- 
ous fluids and blood. Even the operating room is main- 
tained at 22-24 C. 

We will not attempt in this paper to describe the details 
of the multiple surgical procedures that have been under- 
taken to correct these deformities. The surgical exposure 
of almost every case has led to a better appreciation of 
the basic anatomical deformity and, consequently, each 
operation tends to be modified to improve the resultant 
correction (Figs. 1-22). 





Fic. 2. Case A: At operation, the dye markings indicate a moderate 
degree of hypertelorism with angulation of the nasal skeleton and 
downward displacement of the right orbit. Bone is also deficient above 
the left eyebrow. 


CRANIO-ORBITO-FACIAL SURGERY 





Fic. 3. Case A: After removing the triangular right frontal bone graft 
and freeing the dura from the floor of the anterior cranial fossa, the left 
orbit has been mobilized medially and inferiorly to correct the hyper- 
telorism. A graft of rib bone has been fixed to the bridge of the nose with 
steel wire. 
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FiG. 4. Case A: The free frontal bone graft has been replaced. Silk 
suspension sutures hold the dura forward against the under surface of 
the cranial bone. Periosteum was elevated along with overlying 
forehead flap. 
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Fic. 5. Case A: Left frontal deficiency has been corrected by immediate 
application of methylmethacrylate applied over the anterior surface of 
the frontal bone graft. The blood supply to this bone is furnished by the 
underlying dura. 


Current Surgical Approach to 
Cranio-orbito-facial Deformities 


We have selected 9 relatively new concepts or princi- 
ples that have emerged from our operative experiences 
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Fic. 7. Case A: The thin inferior orbital rim is identified and a mersilene 
suture is placed through a drill hole in its margin. 


and followup studies over the past 5 years. Firm data for 
some of these principles are still lacking. New measure- 
ment techniques involving radiopaque metallic markers, 
implanted in key points of the human craniofacial skele- 
ton at the time of surgery, will give us some of the 
evidence over the next decade. Animal experiments will 
help to answer some of the other questions. Careful post- 





FiG. 6. Case A: In order to raise the level of the right eye, an incision is 
made through the conjunctiva in the sulcus behind the right lower 
eyelid. 


FiG. 8. Case A: An appropriately sized and shaped silicone rubber 
platform is fashioned to elevate the globe and secured firmly with steel 
wire. 
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operative examinations with computerization and pool- 
ing of data from several centers will guide us in the 
future. In the meantime, it is our responsibility to pro- 
ceed with the care of those children in dire need of 
reconstruction by use of the methods that represent the 
most carefully considered facts and intuitions of the pre- 
sent. We would predict that future data will support the 
following contentions: 

l. Proposition: Growth and shape of the bones of the 
skull (and face) are highly dependent on the growth of the 
brain (and attached muscles of mastication).!5* 

Corollary: The release and reshaping of the dura 
may be one of our best surgical methods for control of 
ultimate head size and shape. 


2. Proposition: Many growth arrest malformations 
(craniostenoses and faciostenoses) of the face and skull 
progressively increase with age due to the lack of growth 
of the affected suture lines and bones.* 

Corollary: Earlier surgical corrections carry less 
danger of inducing additional growth arrests in children 
with this type of deformity than in the case of similar 
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Fic. 9. Case A: The profile one year after surgery shows satisfactory 
prominence of the supraorbital ridges provided by the methacrylate and 
without complications. 
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Fic. 10. Case A: Front view of the patient, one year following surgery, 
with marked improvement in facial symmetry, in eye level, and in the 
degree of extraocular muscle coordination. There is no dyplopia. This 
may be compared with the preoperative view in FIGURE |. 


operations when performed on bones with normal growth 
potentials. Indeed, early release of soft tissue restrictions 
may even reduce the expected degree of deformity. 

3. Proposition: Modern pediatric anesthesiology, with 
the aid of monitoring and regulatory techniques makes 
acceptably safe the performance of extensive and pro- 
longed craniofacial operations—even in infants.” 

Corollary: Craniofacial reconstruction should be 
performed as soon as indicated by the physiological and 
psychological impacts of the deformity, regardless of 
age. 

4. Proposition: The correction and release of the re- 
straints and abnormal tensions produced by muscles and 
other soft tissues may prove to be the most difficult and 
essential requirement at operation if the surgeon expects 
to maintain, postoperatively, the new positions of the 
craniofacial skeleton and avoid tethering effects on those 
bony parts with subsequent growth. 

Corollary: Operative techniques must place more 
emphasis on release of dural tensions, mobilization and 
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Fic. 11. Case B: This four month old baby boy's mother has typical 
symmetrical Crouzon’s deformity. Since the growth arrest involves the 
suture lines at the base of the skull, one may predict that the deformity 
will progress with age. 


section of periosteum, freeing of muscle attachments, 
and relaxation of overlying skin and fascia if postopera- 
tive ‘‘relapse’’ of repositioned bones is to be prevented. 
Bone grafts will absorb if wedged into position under 
excess pressure. The role of postoperative skeletal trac- 
tion needs further study. 

5. Proposition: Most craniofacial reconstructions re- 
quire large amounts of autogenous bone and/or alloplas- 
tic material to augment the huge congenital skeletal de- 
ficiencies and bony gaps seen after osteotomies and re- 
positioning. 

Corollary: Late donor site deformities are enor- 
mous if large amounts of iliac bone are removed from the 
hips of small children; thus, the use of alloplastic mate- 
rials for skeletal augmentation becomes an attractive 
choice when operating on small children. 

6. Proposition: Large surgical implants of methyl- 
methacrylate have proved to be well-tolerated (3 wound 
complications in 34 craniofacial patients). This is true 
even though there has been routine opening of the 
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paranasal, nasal, pharyngeal, and oral cavities. Such im- 
plants may be used alongside autogenous bone grafts.’ 

Corollary: Alloplastic materials will play a steadily 
increasing role in contour augmentations (‘‘Float-on- 
bone’’ technique) of the skull and face. Where structural 
wedging is needed, autogenous bone grafts remain our 
primary choice. 

7. Proposition: The accuracy of postoperative neuro- 
logical evaluations for increased intracranial pressure 
is significantly reduced after craniofacial surgery as 
a result of lid edema, facial dressings, and alterations of 
normal eye reflexes by surgical manipulations. 

Corollary: A newly designed ‘‘pressure screw" '!9:7 
may be inserted in the subarachnoid space at the time of 
surgery. This will give direct, continuous, and reassuring 
monitoring of intracranial pressure, Po,, Pco,, and CSF 
pH in the postoperative period. 

8. Proposition: Binocular vision with image fusion may 
be possible if the displaced orbits of children are brought 
back into relatively normal positions by the time the child 
Is four years of age. 

Corollary: Clinical evidence would suggest that pa- 





FiG. 12. Case B: X-ray of the skull, showing orbital deformity. Mild 
hypertelorism is present and the right orbit is in an elevated position. 
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tients with marked hypertelorism should receive orbital uas p"m ipa: 
repositioning during infancy if optimum visual function is - | | 
to be obtained. 

9. Proposition: Massive craniofacial deformity ob- 
scures neurologic and psychologic potentials, making 
current methods of psychometric testing especially dif- 
ficult and unreliable. 

Corollary: The prognosis for development and func- 
tion of a deformed child after craniofacial surgery is 
proving to be considerably better than preoperative test- 
ing or performance would suggest. 


Discussion | me es 


The above propositions represent the conclusions and 
working hypotheses of the Virginia Craniofacial Surgical 
Team. They are based on the experiences involved in the 
treatment of 106 craniofacial patients. 

The detailed review of the diagnoses, results, compli- P 
cations, and followup of these patients will be reported in 





"SV 
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by 


Fic. 14. Case B: Reflection of the scalp and frontal flap shows the 
appearance from the region of the vertex, looking inferiorly toward the 
frontal bulge on the left side. 





Fic. 13. Case B: Shows the baby at the time of surgery with monitoring Fic. 15. Case B: A view from anteriorly shows the marked deficiency in 
devices including an arterial line, venous pressure, two lumbar space the right supraorbital ridge region as indicated by the tip of the suction 
needles, a bladder catheter, and an intravenous line. The anesthetic tube. 

gases are being warmed and humidified before reaching the trachea. 
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FiG. 16. Case B: The ab- 
normal bulging left frontal 
cranial bone has been re- 
moved as a free graft, and 
the fused coronal suture is 
seen on its undersurface. 
The forceps indicate where 
the dura will require re- 
lease and patch grafting in 
the flattened right frontal 
region. 


Fic. 17. Case B: Prior to closure, the left frontal dura has been plicated — Fic. 18. Case B: Returning the scalp and forehead flap allows a check on 
and covered with three island bone grafts. Periosteum has been re- the position of the eye level prior to closure. Small incisions were made 
moved from the undersurface of the left side of the scalp flap and used on either side of the nose in order to straighten the nasal bony pyramid. 
as a free graft to release the dural constrictions in the right frontal 
region. This periosteal graft has also been covered with bone grafts, 
anchored to the strip of midline bone. 
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FiG. 19. Case B: This boy's appearance twelve months after surgery 
shows marked improvement in symmetry of the skull, eyebrows, orbits 
and nose. This view may be compared with the preoperative condition 
shown in FIG. 11. 





Fic. 20. Case C: This eight month old baby had a severe dysplasia with 
absence of the frontal bones and at eight months of age, the mass was 
still enlarging. Pheumoencephalograms revealed brain and ventricles in 
the herniated mass. Orbital hypertelorism and nasal deformity was 
present and microcephaly is evident in the posterior cranial region. 
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Fic. 21. Case C: After a single stage correction, the forehead has been 
remodeled using a bone graft from the occipital region and pedicle flaps 
of dura and fascia cover the brain after its return to a more acceptable 
position. Note the small median raphe at the nasal bridge. 


a series of papers. The new insights resulting from this 
work have already altered our actual management of 
many non-craniofacial patients. Several examples will 
illustrate the ''spin-off" value to other problems. 

Use of the ‘‘pressure screw’’ has become almost 
routine in our emergency room for the diagnosis of in- 
creased intracranial pressure in unconscious patients 
with suspected head injury. 

Surgical exposure of tumors in patients with malignan- 
cies of the orbit or paranasal sinuses is now obtained by 
the combined intra-extra cranial technique. This im- 
proves the accuracy of dissection and reduces the danger 
of unexpected dural injury. 

As a result of the findings with orbit repositioning in 
craniofacial patients, the opthalmology profession is hav- 
ing to take an entirely new look at the theories about the 
causes and treatment of ordinary strabismus. 

The significance and treatment of blow-out fractures of 
the orbit take on a different perspective in view of the 
massive defects of the orbital floor, deliberately created 
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FiG. 22. Case C: The postoperative profile demonstrates a 70% en- 
largement of the cranial cavity. Bone grafts and hair-bearing flaps were 
used to reconstruct the occipital region. The child continues to gain 
weight and may need a plastic procedure to the nasal bridge at a later 
date. The use of hypotensive anesthesia makes it possible for such small 
children to stand long (14 hours in this case) operations. 


by orbital rim advancements, used to correct the exoph- 
thalmus of Crouzon’s deformity. 

We have had one child with maxillary hypoplasia, who 
experienced unexpected improvement in hearing after 
mid-face advancement. Two others have developed tem- 
porary hypernasality of speech. These observations are 
leading to better understanding of the causes of conduc- 
tive deafness and the dynamics of cleft palate speech. 
Thus, a number of new techniques and concepts have 
emerged that will benefit surgery ‘‘in general’’ as well as 
the deformed child *'in particular.” 


DISCUSSION 


(Note: Some of the discussants' remarks refer to both this paper and 
to the following one by Dr. Joseph E. Murray. Such remarks appear 
following both articles.) 


DR. PAUL W. GREELEY (La Jolla, California): These two papers are 
very difficult to discuss and may I say that I congratulate the energy that 


both Dr. Edgerton and Dr. Murray had in going ahead and attacking the 
problems of this type. 
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Deformity is itself a serious disease, but meaningful 
rehabilitation for these children has had to wait un- 
til new skills in anesthesiology, plastic surgery, and 
neurosurgery made possible and safe the methodical and 
extensive dismantling and reassembly of virtually all of 
the bones and soft tissues of the face and cranium. 
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One thing we must remember is that all children grow and many of 
these things are performed in children of a very young age group. 

I would like to suggest that Dr. Edgerton and Dr. Murray come back 
here 10 or 15 years later and show us what has happened to these same 
individual children that they've shown tonight. 


DR. BRADFORD CANNON (Boston): I should like to speak for two 
deceased members of this Association who would have greatly enjoyed 
Dr. Edgerton's and Dr. Murray's reports. 

Dr. Barrett Brown who introduced each of the authors to the chal- 
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lenges and satisfactions of plastic reconstructive surgery would have 
been impressed with the originality and thoroughness of each report, 
characteristics which marked Brown's contributions during his lifetime. 
Some of us can well remember his erudite papers read before this 
Association in years past. 

Dr. Jerome Webster, an early student of the deformity of hyper- 
telorism, demonstrated in 1950 that the bony framework and soft tissues 
of the nose could be revised in order to produce the optical illusion of a 
lesser distance between the canthi. In that report, he wrote: "Authors 
have been of the opinion that the problem of hypertelorism is insur- 
mountable.” How excited he would have been with the developments 
in the quarter-century since this gloomy prediction. 

The incentive and competence of today's authors was first founded 
on experiences with massive military facial trauma and further de- 
veloped in dealing with advanced carcinoma of the mouth and jaws. 

I should like to speak to one aspect of the care of the patients that 
they are describing. The requisite multi-discipline approach in today's 
complex repairs may involve the risk of lapses in responsibilities for 
patient care. The obvious success of these procedures, the acme of 
collaborative effort between different disciplines, is a tribute to the 
authors who provided the leadership and also I am sure maintained the 
warmth of personal attention to patient care which was so characteristic 
of our two deceased colleagues. 


DR. WILLARD E. GooDwiN (Los Angeles): I’m an urologist and am full 
of admiration and even envy for this beautiful specialty of plastic 
surgery. 

We see patients who feel that they wish to ‘‘look and feel better,” 
which I think is what we've seen this evening. However, the patients I 
see who wish to look and feel better wish, if they're women, to be men 
and, if they're men, they wish to be women. 

As far as they're concerned, they're just like what you saw on these 
magnificent slides. They feel, I guess, the way these patients feel; they 
want to change their image. 

It's a very real problem and Id like very much to ask the two 
essayists how they feel about this, about the image that the patient 
wishes. 


Dr. DaviD WEAVER ROBINSON (Kansas City, Kansas): Truly, we've 
been privileged to see some remarkable results shown this evening in a 
new field. However, the point I want to make is this, that these are very 
rare incidences. They should be confined to being done by teams, a few 
teams. I would like to ask Dr. Edgerton how many teams he thinks 
should engage in this on this continent, because if everyone sets out to 
do this with the remarkable examples that we've seen here, we're going 
to have a lot of disasters. 

It took a long time to develop these techniques. It took a great deal of 
work to get the team together to work cooperatively and if everyone 
were to do this, I’m sure it would end up in a fiasco. But, there really 
aren't so many of these cases. 

I wonder how many there really are and I would like also to have Dr. 
Edgerton tell us what the incidence is and whether the backlog is caught 
up, or whether there is still a good many who need to be found and hope 
to be rehabilitated. 

It has been my misfortune to have laid on-lay grafts on the mandible 
and maxilla to observe them over a fairly long period of time and find 
that the bone hasn't stayed there like I thought it would. 

I would like to ask Dr. Murray what he thinks the incidence of on-lay 
grafts for osteogenesis with good results are, and whether we can 
expect some absorption with the passage of time. 


Dr. Francis D. Moore (Boston): I rise to discuss these papers be- 
cause I watched Dr. Murray gather his team together, get them working 
and try to do something for his patients. 

The surgery is difficult and it is time consuming. I remember the time 
he showed some of the patients at rounds and I asked him for more of 
the "before and after" pictures. The fact of the matter is that the after 
pictures are not as good as one might like, but the patients have gained a 
protagonist and that's very important. 

These children are terribly crippled and they're crippled by a cos- 
metic deformity. What Dr. Edgerton and Dr. Murray were trying to do is 
to improve that and improve their self-image. 


Dr. MILTON T. EDGERTON (Closing discussion): Dr. Greeley raised 
the problem of growth. It is a very important and worrisome problem, 
particularly as surgeons recognize the many advantages from operating 
on the infant or the small child. 
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We are doing just what Dr. Greeley suggests; namely, at the time of 
surgery, we're placing radio-opaque metallic markers in the critical 
points of the skull in these little children. We follow the locations of 
these markers radiographically, over a period of years, and also com- 
pare growth of the opposite sides of those children who have a unilateral 
deformity. Skull growth may also be judged by comparing measure- 
ments in children with corresponding (matching) ages. 

It will take about ten years of followup to really have the answers, 
and it's complicated by the fact that the measured bones are not grow- 
ing normally in children with congenital anomalies. 

Dr. Cannon stressed the tremendous interest that Dr. James Barrett 
Brown and others placed on the danger of depersonalized care with 
treatment by medical teams. It is a real danger. In each instance, it is 
important that one doctor in that team treat a given patient as though he 
or she were an individual private patient of his—collecting consulta- 
tions, evaluating and interpreting all. Otherwise, the child will get 
confused and parents become anxious. 

Dr. Goodwin commented on the common denominator between pa- 
tients who wish to change their faces and certain types of transsexual 
patients who come to urologists and wish to have a different gender. 
The analogy is valid. "Gender confirmation" ' surgery is another form of 
treatment intended to correct unsatisfactory body imagery. I've become 
more convinced over the years that each of us carries a "self image" 
that is more important to our function and behavior in life than is our 
actual appearance. The attempt to achieve a satisfactory self image by 
surgical means must be a careful balance between the chance of success 
of the particular surgical technique in comparison with the realistic 
expectations of the patient. 

Children with major craniofacial anomalies are so deformed that they 
almost feel that they're not part of the human race. In the case of lesser 
deformities, we have a more subtie anatomic objective for surgical 
consideration. 

Dr. Robinson pointed out that these craniofacial deformities are rare 
problems and that maybe we should limit the number of medical teams 
working on such deformities. I agree. 

Four or five active medical center teams in the United States and 
Canada could care for 95% of these children, once the present backlog 
of cases has been treated. Certainly. such concentration of care would 
provide much better data and a superior quality of medical knowledge. 

We find we are now using techniques learned on craniofacial prob- 
lems to improve care of the more common deformities. For example, 
the cleft palate child at our clinic now may receive a straightforward 
advancement of the maxilla rather than an overlay augmentation with a 
bone or cartilage graft. The applicability of these techniques is extend- 
ing to other conditions. 

Non-congenital deformities are also gaining from craniofacial surgery 
experiences. The "pressure screw" (for monitoring of intracranial pres- 
sure) that you saw in our slides is now a routine technique in our 
emergency room for evaluation of traumatic head injuries and particu- 
larly for unconscious patients. 

In the case of head and neck oncology. we now expose the orbit with 
all orbital and paranasal sinus tumors, using the technique of anterior 
fossa craniotomy developed in our craniofacial program. 

The eye surgeons are becoming interested in a renewed evaluation of 
strabismus and its causes and treatment. We're having to take a whole 
new look at blow-out fractures of the orbit. The deliberate massive 
defects that we now create in the floor of the orbit when correcting the 
exorbitism of Crouzon's deformity makes traditional explanations of 
the mechanisms of post-traumatic enophthalmus untenable. 

Finally, Dr. Murray made a point or two to which 1 would like to 
respond. His was a beautiful presentation and it was exciting to me to 
see the nice results his team has obtained. 

The concept of making the face match an esthetic standard other than 
one based on dental occlusion is still a relatively new approach. Our 
dental colleagues are naturally inclined to think primarily in terms of 
getting the upper and lower teeth to mesh together. When both upper 
and lower jaws are malpositioned on the skull base, this may be too 
limited an objective. 

You saw a good example of this in what Dr. Murray did in moving the 
upper jaw of one patient forward, but deliberately not placing it into 
occlussal relationship with the lower jaw. The lower jaw may require 
repositioning at a second operation. 

Many problems involving vascular anomalies are indeed unsotved. 
They are unsolved because the soft tissue problem is critical. The 
correction of soft tissue stresses is often more difficult than correction 
of the bony architecture. 
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Surgical access to the cranial, orbital, and facial areas, as de- 
veloped by Tessier, has produced not only definitive repair of 
previously uncorrectable congenital deformities such as orbital 
hypertelorism and facial stenosis (e.g., Crouzon’s, Apert’s syn- 
dromes) but also has improved markedly the treatment of 
traumatic and neoplastic defects. The surgical approach allows 
complete dissection of facial soft tissues including the orbits from 
the underlying bones followed by corrective osteotomies and fixa- 
tion. Mobilization of the frontal lobes through a frontal bone flap 
exposure may be required. The ramifications of this latest intru- 
sion by surgeons into a previously inviolate anatomic area have 
involved neurosurgeons, ophthalmologists, anesthesiologists, and 
dental and psycho-social disciplines. The disciplines of genetics 
and embryology are being influenced by this new field of surgery, 
much as the study of immunology was influenced by transplanta- 
tion surgery two decades ago. This report analyzes a 10 year 
experience with over 100 patients with emphasis on patient selec- 
tion by disease, age, intellectual status, morbidity, complications, 
and the psycho-social reactions of patient and family. Procedures 
initially planned to correct dental and aesthetic defects are prov- 
ing beneficial for other functions including hearing, taste and 
smell, articulation and tongue movement, respiratory function, 
vision, and possibly bone growth. The development of self image, 
a normal process always in operation, is also strikingly altered. 
These operations may last as long as 14 to 16 hours. We have had 
no deaths or postoperative blindness. One postoperative cere- 
brospinal fluid leak was successfully repaired. Three partial losses 
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of bone grafts and four instances of late cellulitis have occurred. 
Prevention of infection seems related to avoidance of dead spaces 
and primary closure of all mucosal, dural, conjunctival and skin 
surfaces. 


A IN SURGICAL THERAPY result from varying 
factors, from the cumulative experiences of many, 
i.e. surgery of peptic ulcer, from immediate adaptation of 
laboratory innovations, i.e. cardiopulmonary bypass, or 
from development of a new anatomical exposure, i.e. 
neurosurgery. Although craniofacial surgery of increas- 
ing complexity had been performed since World War II, 
the decisive factor in the current worldwide application 
of craniofacial surgery is Tessier's development of a sur- 
gical approach to a previously inaccessible anatomical 
area. This allows exposure, dissection, and repair of 
practically every type of facial deformity, whether con- 
genital, traumatic, or neoplastic in origin. 

The experience at Children's Hospital Medical 
Center and Peter Bent Brigham Hospital since 1955 in- 
cludes over 400 patients with a variety of craniofacial 
defects and shows a gradual increase in complexity of 
problems treated. In 1970 a major change in evaluation 
and therapy occurred because of Tessier's contribution. 
The earlier experience was more standardized for defects 
of congenital clefts of lips and palates, mandibular and 
maxillary dysostoses, and orbital neoplasms; currently 
treatment is more flexible and adaptable for almost every 
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variety of deformity. The earlier work required collabora- 
tion'only of a plastic surgeon and orthodontist; present 
activity requires participation by neurosurgery, ophthal- 
mology, radiology, anesthesiology, speech and hearing, 
and psycho-social disciplines. 

This report describes our methods of patient selection, 
results in representative types of deformity, complica- 
tion, and evaluation of the psycho-social effects on the 
patient and family. The potential influence of these ex- 
periences on the disciplines of genetics and embryology 
will also be considered. 

Surgical technique will be described only in its most 
general concepts because Tessier!’ and Converse”? 
have already published reports on this subject. Some 
operations require over 100 separate maneuvers and if 
proper sequence is not observed, road blocks occur later 
in the operation which require backtracking or improvisa- 
tion. This form of surgery is so complex that it cannot be 
taught by publication alone. At Foch Hospital in Paris 
Tessier has organized several effective preoperative, 
operative, and postoperative clinics. In addition he and 
members of his team have visited Boston, Philadelphia, 
Chicago, New York, Toronto, Dallas, Houston, and San 
Francisco and operated upon selected patients after 
thorough preoperative evaluation. A two year evaluation 
of this combined U.S. and Canadian experience was pre- 
sented at a conference under the direction of Dr. 
Pruzansky of the University of Illinois in November, 
1974. This collaboration has minimized complications 
and maximized the benefits of his experience. In my 
opinion Tessier has transmitted his hard learned 
techniques in the only way possible; by personal, direct 
participation. Otherwise, some of his refinements might 
never have been transmitted to posterity. 


Material and Methods 


One hundred and seventy eight patients have been 
evaluated (Table 1). Each patient is listed only once 
under the principal category, even though several defects 
exist concomitantly. e.g. a patient with orbital hyper- 
telorism, mid-face stenosis, and cleft palate is listed 
under the most complex condition, i.e. hypertelorism. 
Many congenital defects overlap and are classified differ- 
ently by different observers. Categories selected in Table 
| cover general types of conditions; some are unclassifi- 
able under present knowledge. 


Preoperative Considerations 


Each patient is seen by the plastic surgeon and or- 
thodontist with referral for appropriate consultation. The 
base line studies in addition to regular medical assess- 
ments include a study of patterns of growth and intellec- 
tual development. The ophthalmological exam includes 
measurements of visual acuity, visual fields, colored vis- 


EVALUATION OF CRANIOFACIAL SURGERY 


24] 


TABLE |. Categories of Defects in 178 Patients” 


rd rA RATS EA i. 


Congenital 143. ( 78) 
Mid-face stenosis: secondary to 
Crouzon's, Apert's, 
Cleft palate 
Orbital hypertelorism 
Treacher-Collins 
Dysostoses P 
Maxilla 
Hemifacial microsomia 
Hemifacial lipodystrophy 
Fibrous dysplasia 
Ectodermal dysplasia 
Temporomandibular ankyloses 
Tumor 


Trauma 


Total 178* (10637 


( ) = number of patients operated upon. 

*Each patient is listed only once. If more than one basic defect exists, 
e. g. orbital hypertelorism, mid-face stenosis, and cleft palate, the most 
complex category is selected. 

+36 patients had more than one operation; the total number of opera- 
tions for the entire group was 211. 


lon, eye position, muscle movement, and funduscopic 
study. The most accurate measurement of the distance 
between the eyes is by X-ray, the site of measurement to 
be determined by the anteroposterior and basal tomo- 
grams as described below. The senses of taste and smell 
are also tested. 


Dental Evaluation 


Dental evaluation is an integral part of the initial as- 
sessment of the craniofacial abnormality. When the 
skeletal base supporting the natural dentition is defective. 
there is generally a severe malocclusion not amenable to 
conservative orthodontic treatment. Correction of the 
malocclusion per se may not always provide optimum 
facial contour because functional muscular forces may 
have modified alignment and axial inclination of indi- 
vidual teeth. For example, in craniofacial stenosis with 
maxillary underdevelopment the incisors may be inclined 
forward in the deficient maxilla. Skeletal correction to in- 
sure optimum occlusal relationships would be inadequate 
under these circumstances and would not provide suf- 
ficient enlargement of the orbital cones to overcome the 
exophthalmos—the single most distressing deformity to 
the patient. Thus an osteotomy of the entire mid-face (Le 
Fort type III) may be required simultaneously with hori- 
zontal osteotomy above maxillary alveolus (Le Fort type 
D. With experience, these initial impressions are gener- 
ally corroborated following a more detailed documenta- 
tion. 

For definitive treatment planning, full face photo- 
graphs, dental models, lateral view cephalometric films, 
and a panoramic x-ray are indicated. The dental models 
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allow for assessment of potential occlusal relationships 
and may be sectioned to predetermine maximum benefits 
of surgery. The standardized cephalometric x-ray is used 
to relate the dentition to the facial skeleton and is useful 
for studying longitudinal growth before and after opera- 
tion. The panoramic x-ray shows individual teeth in 
greater detail without superimposition and thereby allows 
for evaluation of dental development, eruption patterns, 
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FiGs. 1 a and b. At five 
years of age patient M.M. 
had craniectomy for synos- 
tosis. At age 16 years she 
had mid-face advance- 
ment, Le Fort III. Eight 
months later she had os- 
teotomy of mandible and 
rhinoplasty. She is now 
two years post surgery, isa 
National Merit Scholar, 
and plans on entering col- 
lege. (left) Preoperative AP 
view of full face shows 
mild exorbitism, sunken 
cheeks, and maxillary 
hypoplasia. (right) Two 
years after surgery eyes 
appear normal, cheeks are 
convex, and dental occlu- 
sion is excellent. 


and individual irregularities such as congenital absence of 
teeth or presence of supernumerary teeth. Timing of sur- 
gical intervention is often dependent on dental develop- 
ment, particularly during the late mixed dentition period 
when deciduous molars may prove inadequate for intra- 
oral fixation. 

The teeth are used to stabilize the facial skeleton post- 
operatively when the surgical procedure involves the den- 


Fic. Ic. (left) Preoperative 
lateral view shows flat- 
tened cheeks and long 
chin. Note hair is styled to 
cover face as much as pos- 
sible. Fic. Id. (right) Post- 
operative lateral shows 
harmonious appearance of 
eyes, cheeks, nose, teeth 
and chin. Hair style reveals 
full face. 


Vol. 182 * No. 3 


FiG. le. Sketch shows os- 
teotomy sites (left drawing, 
dotted lines) along nasal, 
frontal, zygomatic, and 
maxillary bones. V- 
resection of body of 
mandible (left drawing, 
shaded) was performed 8 
months after mid-face ad- 
vancement. Rhinoplasty 
osteotomies not shown. On 
right drawing the shaded 
area shows sites of bone 
graft replacement. Main 
support comes from bone 
blocks at root of nose, lat- 
eral orbital walls, zygoma- 
tic arches, and behind 
maxillary tuberosities. 


tal bearing portions of the maxilla and mandible. Arch 
bars are wired to cemented orthodontic bands. Interden- 
tal wiring or arch bars alone are not dependable when used 
on children. Since intermaxillary fixation is long (often 
8-10 weeks when bone grafting is necessary), reliable 
fixation is essential. For younger children circumferential 
wires around the body of the mandible may be used in 
addition and the maxilla is stabilized to the facial skeleton 


Fic. If. Lateral tomog- 
raphy of the orbits parallel 
to the mid-orbital vertical 
plane. The orbital roofs 
clearly extend far beyond 
the level of the orbital 
floors which are poorly de- 
veloped in association with 
the maxillary hypoplasia. 
By measurement the maxil- 
lary retrusion with respect 
to the inferior orbital mar- 
gins is 11 mm on each side. 
The superior aspect of the 
orbits is regarded as nor- 
mal on each side and the 
lesion is referable to the 
maxilla. 
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by wires suspended around the zygomatic arches and 
hooked to the infraorbital rims. 

In addition to providing firm fixation, the orthodontic 
bands may be used later for orthodontic corrections when 
necessary. In some patients, preoperative orthodontic 
treatment may be required to provide functional occlu- 
sion at the time of operation to achieve a stable relation- 
ship to simplify postoperative fixation. Only gross dental 
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interferences are corrected preoperatively, for it is pref- 
erable to provide definitive alignment following repair of 
the defect. Furthermore, orthodontic treatment actually 
is contraindicated for those patients who are potential 
candidates for skeletal reconstruction since such treat- 
ment becomes redundant and may actually hamper effec- 
tive surgical treatment because postoperative dental 
alignment may be unstable and relapse can occur as the 
teeth regain their functional equilibrium following 
surgery. 


X-ray Evaluation 


Radiological assessment is valuable only when related 
to history, physical examination, and photographic 
examination. The radiographic studies (a combination of 
plain films and tomographic evaluation) are selective for 
each patient and are problem oriented. 

Polytomography eliminates unwanted shadows as 
much as possible and therefore precise comparative mea- 


Fic. lg. Preoperative lateral cephalo films show mid-face retrusion, 
malocclusion, open bite with convex occlusal plane of mandibular 
dentition. 
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Fic. Ih. Lateral cephalometrogram after mid-face advancement shows 
improved position of orbits and maxilla. Note that maxilla was purpose- 
fully not tilted inferiorly to make contact with mandibular incisors. If 
this had been done, entire mid-face would have been elongated. 


surements can be made between sides or with standard 
measurements. Tomography is restricted to the patient’s 
particular problem in order to reduce x-ray dosage. In 
frontal tomography lead shields over the eyes are used to 
protect the lenses. 

For mid-face stenosis the most crucial films are the 
serial cephalometrograms taken over several years, usu- 
ally in the department of dentistry. This study gives the 
best relationship between the pre-maxilla and the mandi- 
ble. Stereoscopic Waters projection gives details about 
the deficiency of the maxilla, including the orbital floor, 
lateral orbital margins, and the anterior zygomatic arch. 
Tomography in the frontal and lateral planes adds to this 
evaluation. Lateral tomography is done in the plane 
parallel with the orbital cone rather than the straight 
lateral projection with respect to the head. Basal or hori- 
zontal tomography is done if earlier evaluation leaves any 
question about the shape and development of the 
zygomatic arches. Commonly, the calvarium has been 
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assessed over a number of years by the neurosurgeons in 
their evaluation and treatment of coronal or more exten- 
sive cranial suture synostosis. 

In Treacher-Collins Syndrome the condition is most 
graphically summarized in the stereographic Waters 
projection. Plain lateral films of the facial bones and 
mandible are helpful to assess the relationship between 
the maxilla and the underdeveloped mandible. Tomog- 
raphy in the basal view demonstrates the degree of unde- 
velopment or absence of the zygomatic arches on the 
more anterior relationship. Frontal tomography assesses 
the presence or absence of extensive clefts in relationship 
to the orbital floors and the degree of undevelopment of 
the orbital processes of the zygoma which commonly 
exposes the greater wing of sphenoid as the lateral bony 
margin to the orbit. Depending on the patient, lateral 
tomography of the temporomandibular joint and the mid- 
dle ear may be necessary because of the association with 
middle ear and temporomandibular joint abnormalities. 

For orbital hypertelorism, the stereoscopic Waters 
projection, the posteroanterior and the lateral skull films 
are routine. Tomography in the frontal, lateral, and basal 
planes gives a three dimensional outline of the orbital 
bones. The essence of the examination is to determine 
the interorbital distance far anteriorly in the mid-orbital 
plane approximately at the dacryon. The medial walls of 
the orbit may be diverging, parallel, or fusiform in shape 
so the anteroposterior estimate of the intraorbital dis- 
tance can be confirmed by measuring the distance in both 
the base view and the frontal projection. The level of the 
cribriform plate is crucial for surgical planning. It may be 
lower than the mid-orbital plane or higher. When the 
hypertelorism is excessive (in the order of 40 to 55 mm 
between each dacryon) the association of encephalocele 
should be considered. The specific intraorbital distance 
which complies with clinical orbital hypertelorism is not a 
set one because of the necessary evaluation at the same 
time of the overall relationships with interorbital distance 
to the bi-frontal dimension of the head and the degree of 
telecanthus that is present. Usually significant hyper- 
telorism has an interorbital corrected measurement in 
excess of 27 mm. 

For hemifacial atrophy (Romberg's Syndrome) the 
stereoscopic Waters and the posteroanterior of the skull 
are the plain films required for base line evaluation.To- 
mography is then tailored to the clinical problems which 
may include the frontal bone, zygomatic arch, maxilla or 
mandibular asymmetry. Often tangential or basal tomog- 
raphy will be required. 

For the hemifacial microsomia, the so-called first and 
second branchial arch anomalies, stereoscopic Waters 
and direct lateral of the facial bones are done as well as 
the oblique plain filmed projections of the mandible. The 
irregularity of the mandible is often shown on a basal 
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Fic. li. Lateral cephalometrogram after V-resection of body of mandi- 
ble and rhinoplasty. Note excellent occlusion and harmonious relation- 
ships of orbits, nose, teeth, and chin. 


view. Lateral projection of the zygomatic ramus, the 
mandibular condyle, and glenoid fossa are done on a 
plane parallel to the condyle. There is often an associated 
abnormality of the zygomatic process of the temporal 
bone detected best on basal tomography. Evaluation of 
the external ear, middle ear, and inner ear including the 
petrous bone evaluation must be determined for this con- 
dition also. 


Anesthesia 


Anesthesia for prolonged surgery requires oral or nasal 
endotracheal tubes wired into position. Only rarely is 
tracheostomy required, although constant intraoperative 
control of the airway is mandatory. The most difficult 
anesthesia is for the mid-face advancement because an 
oral tube will interfere with intermaxillary fixation and 
the endo-nasal tube is in the area of dissection of the 
nasal mucosa where it is liable to be lacerated with an 
osteotome, saw, or elevator. Intra-arterial lines for blood 
gas monitoring, a central venous line, and another good 
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PRE-OP --—- 
POST-OP — 


PRE-OP ---- 
POST-OP — 


Fic. 1j. (left) Tracing of x-ray in Fig. lg. Fic. 1k. (middle) Tracing of x-ray in Fig. Ih. Dotted lines show position of orbits, nose, and maxillary 
incisors. Shaded portion indicates amount of bone excised from body of mandible. Fic. 1l. (right) Tracing of x-ray in Fig. li. Solid line outlines final 
profile. 


intravenous route for blood replacement is mandatory. directed by the neurosurgeons. Blood replacement may 
Urinary catheter and lumbar spinal fluid drainage are be more than twice blood volume, especially in children, 
used when the brain is to be exposed. Steroid and diuretic and additional calcium and fresh blood or plasma is given 
(Mannitol) are required for control of brain volume as for every two liters of blood transfused. Pentothal induc- 


FiG. Im. (top) Preopera- 
tive views of dental models 
show open bite and the 
slanting occlusal surface of 
anterior mandible. Fic. In. 
(bottom) Postoperative 
views of dental models 
show excellent functional 
relationship of upper and 
lower dentitions. 
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tion followed by nitrous oxide, relaxant, and narcotic has 
been the usual anesthetic combination. Hypothermia has 
not been used but mild hypotension has been employed 
frequently. 


Psycho-social Evaluation 


The ultimate effect of facial deformity on psychological 
development and social adjustment depends on the pa- 
tient's inner stability and intelligence, understanding of 
family, and availability of sympathetic medical and 
paramedical support. When an identifiable function is 
impaired, such as speech, breathing, or vision, indica- 
tions for surgical reconstruction are definite. When gen- 
eral asymmetry of the face exists without disturbance of 
mastication, vision, or muscular control, decision for a 
major surgical repair is less forceful. In the final analysis 
it is not the deformity that counts but how the patient 
reacts to it. 

To offer major surgery for any non-life threatening 
condition is a fearful responsibility; it is all the more so in 
the growing child with obvious facial deformity because 
even normal children growing in the best physical envi- 
ronment may develop unpredictable psycho-social mal- 
adjustments. 

All patients treated in this series, with two exceptions, 
have had normal mental potential. The two exceptions 
were considered trainable and educatable but were of less 
than normal mental capacity. All patients were consid- 
ered to be physically disfigured to the extent that they or 
their parents or guardians had sought help since birth or 
since the development of the deformity. Originally we 
tried to evaluate and treat the psycho-social status of the 
patient and the family merely by devoting extra time and 
consideration to their problems. However, it soon be- 
came apparent that, in spite of the most understanding 
nursing and social services, more formalized psychologi- 
cal help was required. Our psychiatric service has been 
included in the care and guidance of these patients over 
the past two years. 

It is apparent that in addition to whatever physical pain 
may be experienced, any interference with a child's body 
arouses in the child fantasies of attack or loss of a valu- 
able part of their body. When a child expressed confusion 
about the procedure in spite of having been given careful 
explanations, it is probable that there is an unconscious 
fantasy which interferes with his ability to understand. 
For example, one child was confused and distressed 
about the possibility of a rib being removed for a bone 
graft because it provoked fantasies of being left unpro- 
tected and vulnerable to an attack; ‘‘Ribs protect you,”’ 
she said. 

Children sometimes perceive illness, surgery, or de- 
formity as punishment for something they have done. In 
addition the child perceives and imitates parental at- 
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Fic. 2a. A 17-year-old boy with cranio-facial synostosis. Lateral 
preoperative view shows mild exorbitism, flat cheeks, and sunken nose, 
very acute angle at junction of upper lip and nasal columella, forward 
inclination to upper lip, and elongated receding chin. 


titudes towards his body and similarly the parent often 
cannot easily distinguish his own feelings about the 
child's body from those of the child. When a child is born 
with a congenital abnormality the parents sustain a deep 
injury to their self esteem which influences the entire 
development of the parent-child relationship. 

The most important conclusion from our psychiatric 
evaluation is that surgery on a child's body constitutes a 
serious threat to the child's self image, and this threat 
provokes anxiety and hostility. How the child accommo- 
dates to a revised self image is determined by many 
factors including the child's strength, the parents' ability 
to adjust, the trauma of the surgery, and the experiences 
in the hospitalization. Children frequently project to dis- 
place the defect onto other children. Projection is a primi- 
tive method of defense against anxiety and is used to 
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protect the self image from the threat of disruption by 
displacing the wish for change onto somebody else. One 
young adolescent with severe facial deformity had strug- 
gled to develop a self image which could accommadate 
her deformity. She developed a spiritual attitude which 
taught that, ''there is Christ in all of us." When the 
possibility of improvement in her appearance by surgery 
was introduced into the tenuous equilibrium, her solution 
was to project her wishes for the change onto her 
‘‘friends’’ at whom she then proceded to direct her anger: 
'* My family and I believe that it's what you are, not what 
you look like, that counts.” 

Image recognition postoperatively may be difficult for 
both the patient and the family. One child, two years 


TABLE 2. Complications 


Intra-operative 
Anesthetic tube block 
Dural tear 
Hemorrhage arterial 
| dural sinus 
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Pneumothorax 


Early-postoperative 
Impaired vision, cerebral edema 
Inadequate bone fixation 
Infection of bone grafts 
Removal frontal bone flap 
Loss tip of nasal bone graft 
Lacrimal system obstruction 
Emergency tracheostomy 
Trismus 
Psychological maladjustment 
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Late postoperative 
Infection, bone grafts, partial 
Cerebrospinal fluid leak 
Loss of position after removal of fixation 5 
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FiG. 2b. (left) Preoperative 
lateral cephalometrogram 
shows more clearly maxil- 
lary retrusion and forward 
inclination of upper in- 
cisors, a result of vigorous 
but ill-conceived ortho- 
dontic treatment. FIG. 
2c. (middle) Lateral 
cephalometrogram after 
mid-face advancement. 
Note apparent maxillary 
horizontal overbite due to 
purposeful overcorrection. 
Fic. 2d. (right) Six months 
later maxillary incisors are 
adjusting to better align- 
ment. Mandibular sym- 
physis has been advanced 
and shortened by geniop- 
lasty. 


postoperative, happened to be looking at her own 
preoperative pictures and commented, “‘look at the funny 
looking girl.” Intelligence is also difficult to predict. If a 
child looks stupid, he is apt to be treated as such and 
reacts accordingly. On several occasions postoperative 
improvement in scholarly achievement has resulted from 
repair of the facial defect. One orphaned child, age seven, 
was in special classes preoperatively because of inability 
to keep up with her peers. After the surgery she was 
adopted by an intelligent, devoted family whose own 
teenage daughter had a similar mid-face advancement 
five years previously. Currently the adopted child is in 
the top group of her class scholastically in a highly com- 
petitive suburban environment. 

Decision for surgery will involve the growth potential 
of the facial structures as well as the evolution in the de- 
velopment of self image. An integrated mutual under- 
standing of both the surgical and psychiatric disciplines 
will be required. 


Complications 


The number and severity of complications have been 
gratifyingly small but the potential for death and blind- 
ness is always present. Most patients do well, are up and 
about in three or four days, and are ready to leave the 
hospital on the tenth to twelfth postoperative day. When 
complications do occur hospitalization is prolonged, but 
only two patients have been hospitalized beyond four 
weeks, both with infections related to the frontal bone 
flaps. 

The varieties of complications may be divided into 
intra-operative, early postoperative, and late postopera- 
tive (Table 2). There have been no deaths. By far the 
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most serious complication was cerebral edema occurring 
in^an 11-year-old boy following a 14 hour operation for 
correction of hypertelorism and frontonasal en- 
cephalocele. Six hours after operation he became unre- 
sponsive. Surgical decompression of the brain was fol- 
lowed by progressive improvement in muscular motion 
and vision, but four days later a second episode of coma 
occurred, this time requiring partial excision of one fron- 
tal lobe for internal decompression. Since then he is 
slowly improving but the prognosis is uncertain. Retro- 
spectively this complication was probably due to the pro- 
longed exposure of the brain during repair of the en- 
cephalocele and compounded by frequent manipulation 
of the frontal lobes during performance of the os- 
teotomies. Staging of the operation, as had been done in 
similar circumstances in two other patients, might have 
prevented this complication. 

Intra-operative complications relate to control of air- 
way, tears of the dura, arterial or dural sinus hemorrhage, 
and pneumothorax. On one occasion intra-operative 
kinking of the nasal endotracheal tube during midface 
advancement required removal of the tube followed by a 
successful oral intubation. Tears of the dura have been 
satisfactorily repaired with pericranial fascial patch graft- 
ing. Hemorrhage has been severe on some occasions but 
never life endangering as long as adequate blood re- 
placement was continued. Pneumothorax related to the 
removal of rib grafts was usually self limiting and only 
once was the thoracic tube required for longer than two 
days. 

The most serious early postoperative complication was 
airway obstruction following removal of nasal endo- 
trachael tube, 12 hours after a horizontal maxillary os- 
teotomy (Le Fort I). Emergency tracheostomy was suc- 
cessful. This complication was probably result of aspira- 
tion of pharyngeal secretions because the patient was 
easily weaned from the tracheostomy. 

Partial loss of the bone grafts, at the tip of the nose or 
along the infraorbital rim have occurred secondarily to 
excessive skin tension, hematoma in the dissected area, 
or inadequate immobilization. Major sepsis has occurred 
in three patients. In one patient who had had previous 
maxillary resection for massive tumor, sepsis was related 
to inadequacy of mucosa in the area of the defect; partial 
loss of bone graft resulted although sufficient bone graft 
survived to support the orbital contents. Another patient 
with hypertelorism had uneventful healing and left the 
hospital on the fourteenth postoperative day only to re- 
turn ten days later with a low-grade infection in the fron- 
tal area requiring removal of the frontal bone flap. He has 
since healed completely and is now awaiting subsequent 
frontal bone cranioplasty. Being only 7 years old his 
adjacent bone seems to be regenerating and it is possible 
that subsequent cranioplasty will not be required. 
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Fic. 2e. Lateral view one year later shows improved symmetry of face 
with harmonious relationship of eyes, nose, cheeks and chin. Labial 
columella angle is still acute but improved. 


Trismus severe enough to require surgical correction 
has occurred in three patients. This results probably from 
prolonged intramaxillary fixation and excessive dissec- 
tion around the area of the temporomandibular joint, 
bone grafts in the zygomatic arch area, or dissection of 
the temporalis muscle. 

There were two patients who had difficulty in adjusting 
to their new appearance postoperatively. This might have 
been related to inadequate understanding on the part of 
the patients, and insufficient operative counseling on the 
part of the physicians. With the passage of time these 
maladjustments seem to become less. Late postoperative 
cerebral spinal fluid leakage has occurred on three occa- 
sions: all have been corrected satisfactorily in conjunc- 
tion with the neurosurgical service. The partial loss of 
bone grafts and loss of position of the mobilized segments 
have occurred late. Most likely some remodeling occurs 





with absorption of bone grafts, improper placement of 
bone grafts, abnormal muscular forces, or error in 
preoperative planning. One patient with a mid-face ad- 
vancement (Le Fort III) two years later required a hori- 
zontal maxillary osteotomy (Le Fort I) to compensate for 
poor position following the first procedure. 


Results 


Selected patients will be presented with each major 
category to illustrate the principles of patient selection 
and treatment. 


Mid-face Stenosis 


M. M., CHMC #78-19-25, female, born April 16, 1957, 
diagnosis Crouzon’s disease. 

At age 5 years the patient underwent craniectomy and 
at age 6 and 7 she had operations for stenosis of the ear 
canals. She was first seen in January, 1973 at CHMC 
regarding malocclusion and exophthalmos. Evaluation 
revealed normal intelligence (a National Merit Scholar), 
general good health, marked maxillary underbite with 
distorted mandibular horizontal occlusal plane, shallow 
cheeks, exophthalmos, normal vision, and normal air- 
way (Fig. la, c). She was evaluated by neurosurgery, 
ophthalmology, dentistry, otolaryngology, and by x-ray 
polytomography. Lateral x-rays (Fig. If) reveal supraor- 
bital margins one centimeter anterior to the infraorbital 
margins, a sunken middle of the face, marked maxillary 
underbite, and the depressed anterior segment of the 
mandible. 

Possible methods of treatment included the following, 
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Fics 3 a and b. An 8-year- 
old girl with cranical synos- 
tosis corrected at age 6 
weeks. Currently she has 
mild orbital hypertelorism 
with asymmetry of level of 
orbits. Occlusion satisfac- 
tory. (left) Preoperative 
view shows elevation of 
right orbit and eye with 
posterior displacement of 
lateral wall and roof. Note 
bifid nose. (right) Six 
months postoperative or- 
bits are level and 12 mm. 
closer together. Nose is 
narrowed. Scars are fading 
rapidly. 


either alone or in combination: 1) mandibular osteotomy 
with superior and posterior displacement of the body of 
the mandible; 2) horizontal maxillary osteotomy above 
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FiG. 3c. Preoperative sketch showing difference in levels of orbits. 
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Fic. 3d. (left) Preoperative 
PA «view of the skull. What 
appears to be the broader 
inter-orbital distance, 
marked by the more lateral 
of the short black marking 
pairs, is probably the 
inter-orbital distance at the 
mid-orbital level. whereas, 
the two small markers that 
are more medially placed 
(over the arrowheads) are 
regarded as representing 
the more anterior margins 
of the lacrimal bones. It is 
the more narrowed dimen- 
sion that is the one that 
corresponds to the clinical 
assessment and the one 
that should be recorded in 
measuring the degree of 
hypertelorism. In the pa- 
tient there was also right 
coronal synostosis with an 
elevation of the right 
sphenoid ridge and right 
superior lateral orbital 
margin. The solid black 
line is drawn on the level of 
the normal left superior or- 
bital rim. Fic. 3e. (right) 
Postoperative PA skull. $ M. 
The inter-orbital distance "V amd 
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as far anteriorly as can be seen has been reduced to 18 mm, corrected for distortion, and the discrepancy in the level of the orbital roofs has been 
reduced by the placement of bone grafts in the superior lateral aspect of the right orbit (not well seen on print). 


the alveolus (Le Fort I) with advancement of the maxilla 
with or without onlay bone grafts to the anterior maxil- 
lary walls; 3) mid-face advancement (Le Fort III) to ad- 
vance as a unit the nose, the inferior orbital rims, and the 
mandible; 4) rhinoplasty. 

The decision was made after study of the x-rays, dental 
models, and photographs and discussion with the patient 
and family to perform the Le Fort III to achieve basic 
symmetry of the forehead, nose, cheeks, and upper jaw 
(Fig. 1g-1). After this was solidly healed, a planned os- 
teotomy of the body of the mandible and a rhinoplasty 
was to be done. 


The mid-face advancement was performed in June, 
1973; intermaxillary fixation was maintained for 8 weeks 
(Fig. 1e). In February, 1974 the osteotomy of the mandi- 
ble was performed (Fig. le) and during the same hos- 
pitalization the rhinoplasty was done. The patient did 
well. She was hospitalized 10 days after the first opera- 
tion and 7 days after the second operation. She has had 
no complications and will enter college this fall (Fig. 1b, 
d, m, n). 


This patient illustrates factors in selection of operation. 
She also had a greater maxillary underbite than the rela- 
tionship of the incisor teeth suggests because the maxil- 
lary incisors are tilted anteriorly in an effort to compen- 
sate for the gap between them and the mandibular in- 


cisors. If surgical correction were planned merely to ob- 
tain proper relationship of the incisor teeth, the mid- 
cheek areas would still have been shallow and posteriorly 
displaced and the exophthalmos would not have been 
corrected. This is shown more dramatically on patient D. 
H. (Fig. 2a) who had received persistent orthodonture to 
achieve contact of the incisor teeth. Note (Fig. 2b) the 





Fic. 3f. Preoperative base tomography through the mid-orbital plane for 
the assessment of the degree of orbital hypertelorism. The shape of the 
ethmoid sinuses describes a mild fusiform shape which is maximum at 
approximately the mid-orbital level (30 mm), while far anteriorly the 
inter-orbital distance is 28 mm. 
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Bone excised 


marked forward angulation of the roots of the maxillary 
incisors as a result of the excellent, vigorous, but ill- 
conceived orthodontic treatment. After mid-face ad- 
vancement the occlusion appears worse with a maxillary 
overbite (Fig. 2c). Note however the beneficial change 6 
months later (Fig. 2d) after the effect of the forces of the 
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FiG. 3g. Sketch of opera- 
tive osteotomies and bone 
grafts. Frontal bone flap is 
removed by neurosurgeons 
to give access to floor of 
frontal fossa. Horizontal 
strut of frontal bone is left 
intact as support for os- 
teotomized orbits. Bone 
excised (left drawing) in- 
cluded 14mm of fronto- 
naso-ethmoid complex as a 
unit. Other bone excisions 
were required to allow 
symmetrical fit after migra- 
tion of mobilized bony or- 
bits. Bone grafts (right 
drawing) are placed in lat- 
eral orbital walls, maxilla, 
and above right orbit. 
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GRAFTED Bone graft 


labial muscles have produced posterior shift to the maxil- 
lary incisors. A horizontal osteotomy of the chin with 
anterior and superior displacement of the symphysis has 
restored symmetry to the face (Fig. 2d, e). This patient 
incidentally was also a National Merit Scholar and has 
received a scholarship for college. 


Fic. 4a. (left) Patient is a 
21-year-old girl with large 
pulsating bony defect in 
right forehead secondary to 
fronto-nasal encephalocele 
repair. Pedicle flap had 
been removed from 
forehead to repair nose. 
Only after study of x-rays, 
dental models, and photos 
did we decide to do left or- 
bital osteotomies leaving 
right side intact. FIG. 4b. 
(right) Patient has had two 
operations. First was to 
move left orbit 35 mm me- 
dially with bone grafts to 
lateral orbit, forehead, and 
zygoma. Hair bearing scalp 
pedicle flap was required to 
| cover bone grafts. Photo 
, was taken three weeks 
after second operation at 
which hair bearing scalp 
— . was replaced by skin graft. 
_ Attempted use of patient's 
— - original left eyebrow as a 
. flap for better brow align- 
ment failed. 
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H ypertelorism 


K. K.. CHMC #78-96-39, female, born July, 1966. The 
patient had a craniectomy at age 6 weeks and was fol- 
lowed elsewhere. She was referred in December, 1973 
because her parents stated that the child had been asking 
for an operation to correct the facial deformity ever since 
she had been aware of her appearance. Examination re- 
vealed good general health. There was moderately severe 
hypertelorism with asymmetry of the forehead, a bifid 
nose, a right parietofrontal bony defect, the right orbit 
was higher than the left, and normal dental occlusion 
(Fig. 3a, c). Ophthalmologist's examination revealed as- 
tigmatism, nystagmus, alternating heterotropia. On look- 
ing at a distance the eyes were divergent with right hyper- 
tropia. X-ray revealed the right orbit was asymmetrical 
and elevated (Fig. 3d). The inner canthal distance mea- 
sured 30 mm (Fig. 3f). There was absence of the right 








FiG. 5a. (top) Frontal or coronal plane tomography through the orbits far 
anteriorly. The inter-orbital distance measure 30 mm corrected for 
magnification. FiG. 5b. (bottom) Base or horizontal tomography at the 
mid-orbital level. The level at which the above 30 mm measurement was 
determined can readily be seen and localized as being at the anterior 
extreme of the lacrimal bone, probably very close to the posterior 
lacrimal crest at the mid-orbital level. The ethmoid sinuses are fusiform 
in shape so that a measurement halfway back into the orbital cone 
would have an inter-orbital distance of 34 mm. The most anterior 
margins of the lacrimal bone that can be identified are the ones used in 
measuring the degree of orbital hypertelorism. 
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Fic. 5c. Single base projection through the orbits but slightly inferior to 
the mid-orbital plane. At this level it can be seen that the anterior 
margins of the middle cranial fossa, just anterior to the two arrows on 
each side, protrudes well into the space that is ordinarily orbit with the 
effect of producing a more shallow orbit. This particular cut is too low 
for the assessment of occular hypertelorism. The structures just lateral 
to the obvious septum pellucidum are the lower turbinates. 


frontal sinus, and it was difficult to determine which side 
was the normal. 

A bi-frontal craniotomy was performed and after re- 
moval of the frontal bone flap unexplained hypotension 
and cardiac arythmias occurred. This persisted for ap- 
proximately 45 minutes and it was felt wiser to discon- 
tinue the surgery rather than proceed with these unex- 
plained hemodynamic changes. Therefore the incisions 
were closed and the bone grafts from the rib and iliac 
crest were placed in the bone bank. The patient was 
discharged from the hospital and readmitted for the sec- 
ond operation June 13, 1974. At this time the incisions 
were reopened, the bony osteotomies performed as out- 
lined in Fig. 3g. The right orbit was lowered by 4 mm 
(Fig. 3e). 

Fourteen millimeters of bone in the frontonasal 
ethmoid area were excised and the bony orbits sutured 
together in the midline. It was difficult even at surgery to 
determine where the normal midline was. This was finally 
settled by drawing a line between the frenulum and the 
incisor teeth and up through the nasal spine and then 
selecting a line at right angles to it in the forehead area. In 
advancing and rotating the right orbit we were able to 
correct the fall-off in the lateral orbital plane. A nasal 
bone graft was also placed and appropriate skin excised 
and a Z-plasty performed. Bilaterally inner canthoplas- 
ties were also performed. 

The patient made an excellent recovery and was dis- 
charged in the tenth postoperative day. Since then there 
have been no problems; the scars are fading well (Fig. 
3b). She has normal taste and smell. 


iii 
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This patient illustrates the flexibility of the surgical 
approach. The hypertelorism per se although minimal 
was definite and seemed accentuated by asymmetry of 
orbits. The child herself was aware of the defect and 
asked for correction. The parents were intelligent. Seri- 
ous preoperative difference of opinion existed within our 
cranio-facial group regarding the advisability of surgery 
for this patient. The final decision was based on a balance 
between the dangers of the surgery and the desire to help 
the patient. 
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Fics. 5d ande. Right andleft 
orbital tomography parallel 
to the vertical mid-orbital 
plane. Again the protrusion 
of the middle cranial fossa 
into the orbital spaces can 
be appreciated (arrows). 
Perhaps as a form of com- 
pensation, the orbits ap- 
pear to have an increased 
vertical dimension as well 
as being very shallow. 





Other varieties of hypertelorism lend themselves to 
Surgical correction. In Fig. 4a we have a teenaged patient 
with hypertelorism and an encephalocele. This patient 
was trainable and educatable but not in the range of 
completely normal intelligence. It was extremely difficult 
preoperatively to determine just where the midline was 
and only after careful study of the photographs, the pa- 
tient, and the x-rays did we decide to perform a unilateral 
left sided orbital osteotomy. The left orbit was migrated 
medially 35 mm and wired to the Opposite nasofrontal 


Fic. 5f. Postoperative fron- 
tal tomography as far an- 
teriorly as the medial orbi- 
tal wall could be detected. 
The corrected inter-orbital 
distance is 20 mm, com- 
pared to 30 mm preopera- 
tively. 
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Fics. 5g. (top) and 5h. (bot- 
tom) Pre and post AP and 
lateral views of patient. 
Note preoperative flatten- 
ing of entire face in AP di- 
mension. Forehead and 
nose have been brought 
forward with bone grafts. 
Orbits were migrated me- 
dially 14 mm. This should 
be contrasted with pre-op 
A-P view, Fig. 5a. 


ethmoid bone. Bone grafts were placed on the pre- 
existing frontal bone defect as well as in the operatively 
created lateral orbital wall defect. A scalp flap was ro- 
tated to the forehead area to cover the bone grafts. Sub- 
sequently the hair bearing portion of the scalp has been 
excised and replaced with a split thickness skin graft (Fig. 
4b). Incidentally at the original operation this patient had 
a calcified falx cerebri which created a difficult time 
consuming dissection for the neurosurgeon in the raising 
of the frontal bone flap. Therefore, repair was staged and 
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the osteotomies and bone grafts were performed one 
week later. 

Another patient with hypertelorism (Fig. 5a, b) demon- 
strates flattened, anterior-posterior dimensions of the en- 
tire face (Fig. 5g, h) and therefore is a different type of 
problem for analysis. Note on x-ray the shallow orbits 
with the short orbital floors and roofs (Fig. 5d&e). Also 
note the anterior displacement of the greater wing of the 
sphenoid indicating the forward projection of the tem- 
poral lobes of the brain (Fig. 5c). This child had been re- 
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FiG. 6a. (left) Nine year old 
boy with Treacher-Collins 
Syndrome. Note coloboma 
of lower eyelids, depres- 
sion of cheeks, and anti- 
mongoloid slant to orbits. 
FiG. 6b. (right) Postopera- 
tive correction obtained 
with onlay bone grafts to 
lateral orbital walls, eleva- 
tion of lateral portion of 
orbital floors, and contour- 
ing at superior lateral an- 
gle. Zygomatic arches re- 
constructed with continu- 
ous split rib grafts. 





jected by his mother early in life and was brought up by a 

devoted grandmother who for ten years had been seeking 

someone, somewhere, who could help correct this child's ^ ? 

deformity. AM" 
This patient's problem was corrected with a one-stage 








Contoured Bone 
Bone qraft 


FiG. 6c. Pre-operative Waters x-ray shows characteristic appearance FIG. 6d. Sketch of outline of normal orbits (on top) compared to post- 


of orbits and zygoma in Treacher-Collins defect. Orbital rims are com- operative sketch after only bone grafts and contouring of upper outer 
pressed into a parallelogram shape. angle. 
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operation (Fig. 5f); hospitalization was 12 days, and there 
aré no complications. He states that his schooling is 
much more pleasant for him since the surgery, and he and 
his family are extremely satisfied. 


Treacher-Collins 


E. W., CHMC #60-14-38, male, born June 6, 1964. 
This 9-year-old boy was referred from a genetics study 
group after his parents had sought correction of the de- 
fect ever since birth. The child was of normal intelli- 
gence, had normal vision, normal occlusion and normal 
breathing. His deformity was chiefly in the shape of the 
eyes and the orbits with coloboma of the lower eyelids, 
anti-mongoloid slant to the orbits, and deficiency of the 
cheeks (Fig. 6a). Hearing was impaired but correctable 
with a hearing aid. 

After complete evaluation surgical correction was per- 
formed on January 10, 1974. Three ribs were removed, 
split, and used for grafts to the zygomatic arches and the 
roof, lateral wall, and floor of the orbits (Fig. 6c, d). The 
overhanging superior lateral angles of the orbits were 
burred away to create a near normal squared appearance 





FiG. 7a. Seventeen-year-old boy with hemifacial microsomia. AP x-ray 
shows shortening and deviation of mandible to right. 
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FiG. 7b. Basal view of x-ray shows marked asymmetry of body of 
mandible on right with shifting of symphysis. 


of the bony orbits. The zygomatic arches were recon- 
structed with a continuous split rib graft wired to the 
zygomatic process of the temporal bone laterally and into 
the anterior maxillary wall medially. 

There was an excellent result (Fig. 6b). The patient was 
hospitalized for 8 days. He developed trismus requiring 
operative forced opening of his jaws on August 26, 1974. 
Since then he has done well. 

This patient illustrates the correction of a defect with 
onlay grafting without the need for osteotomies. Prior to 
Tessier's contribution correction of these defects were 
never satisfactory and consisted merely of attempted soft 
tissue or prosthetic contouring of the cheek. Now by 
observing these defects directly, surgeons can develop a 
new insight into the embryological processes leading to 
the development of the temporal bone and the relation- 
ship of the zygomatic processes to the temporal bone, 
the middle ear, the orbit, and maxilla. The ability to 
Observe and record these defects in a human is directing 
and influencing analysis of primate embryology and 
suggesting ways for future investigation. 


Hemifacial Microsomia 


A. B.. CHMC 4 80-82-05. This 16-year-old boy was 
born with a hemifacial microsomia, or the so-called first 
and second branchial arch syndrome. His general health 
was excellent. His major deformities were underde- 
velopment of the right side of the face with a small right 
zygomatic arch, an obliquity to the occlusal plane, short- 
ened ramus of the mandible, and a shortened vertical 
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height of the maxilla all on the right side (Fig. 7a-c). In 
essence the entire right side of his face was smaller than 
the left. His external ear was deformed and had been 
repaired elsewhere. He had normal bone conduction and 
normal vision. He strongly desired restoration of facial 
symmetry. 

After evaluation reconstruction was performed using 
split rib grafts to the Zygomatic arch, a horizontal os- 
teotomy of the maxilla with bone grafting, lowering of the 
right side of the maxilla and elevating of the left to give a 
horizontal occlusal plane without lowering the entire 
middle of the face. In addition an L-shaped osteotomy of 
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Fic. 7c. (left) Tracing of AP 

X-ray shows tilting of 

occlusal plane and shift of 

symphysis secondary to 

(A shortening of mandible. 

» FiG. 7d. (right) Operative 

dL. Y plan consists of horizontal 

roe Re osteotomy of maxilla 

above alveolar processes 

(Le Fort I), elongation os- 

teotomy of right ramus 

with rotation osteotomy on 

l left ramus, and onlay bone 

graft to body of right man- 

dible and interposition and 
onlay grafts to maxilla. 


Osteotomy sese 


Bone graft 


the body of the mandible with lengthening, a rotation oste- 
otomy of the left ramus of the mandible, and onlay bone 
grafts to the body of the right mandible were performed 
(Fig. 7d). The patient was kept in intermaxillary fixation 
for 8 weeks; hospitalization was 10 days (Fig. 7e, f). 
Hemifacial microsomia varies from complete absence 
of half of the mandible with resulting facial defects to a 
relatively inconspicuous defect where all elements are 
present but only slightly less than normal in size. This 
patient strongly desired to achieve facial symmetry, the 
deformity being especially bothersome during speaking 
and eating. The plan for treatment was based primarily on 


FiGS. 7e and f. (left) A 
preoperative AP photo- 
graph shows elevation of 
the right corner of mouth, 
shortened mandible, and 
lack of bulk of the soft tis- 
sues of the right side of the 
face. (right) Postoperative 
photograph shows im- 
proved symmetry of the 
mouth, angle of the mandi- 
ble, and in the soft tissues 
of the face. 
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FiG. 8a. Four year old boy with traumatic loss of vision in right eye, and 
frontal and orbital bone deformity. There is pulsating defect involving 
frontal lobe and orbital contents. 


the overall contour evaluation rather than on the specific 
anatomical items. For some patients reshaping of the 
bony orbits is required. In this patient the orbits were 
only slightly asymmetrical and the repair was restricted 
to the zygoma, maxilla, and mandible. 


Trauma 


K. F., CHMC 2778-15-13, born January 20, 1969. At 
age two and one half the boy was hit in the right forehead 
by an automobile, lost vision, and part of his frontal and 
orbital bones (Fig. 8a, d). He was first seen February 8, 
1973 for evaluation. After complete study by ophthal- 
mologists, neurosurgeons, and x-ray evaluation, the re- 
pair was performed. Two ribs and iliac bone grafts were 
used for reconstruction of the frontal bone, the roof, 
medial wall, and floor of the orbits, and part of the 
zygomatic bones. The medial canthopexy was per- 
formed. Immediate postoperative result was satisfactory 
(Fig. 8b) but a cerebrospinal fluid leak occurred on the 
tenth postoperative day causing swelling and disruption 
of the healing in the medial canthal area. The bone grafts 
healed solidly and gave good normal contour, protection 
to the frontal lobe, and separation of the contents of the 
orbit from the frontal fossa (Fig. 8c, e). A repeat can- 
thopexy is planned for the near future. 

This patient illustrates the exposure and repair of a 
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FiG. 8b. [Immediate postoperative view shows inner canthus repair. 
Patient had had bone grafts to reconstruct frontal defect and roof of 
orbit. 


severe craniofacial defect secondary to trauma. In gen- 
eral the repair of traumatic defects is easier to interpret 
and treat than are congenital defects because the residual 
anatomy is more easily identifiable and interpretable. 
Often in complex facial fractures involving the frontal. 
orbital, maxillary, nasal, and mandibular bones attempt- 
ed anatomical reposition of all the parts is not advisable. 








FiG. 8c. Postoperative photo shows solid bony repair of forehead and 
orbit. Inner canthopexy has failed to hold, probably related to tempor- 
ary cerebrospinal fluid leak. 
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Fic. 8d. (left) Preoperative 
x-ray shows loss of frontal 
and orbital bones. FIG. 8e. 
(right) Postoperative x-ray 
shows bone grafts on floor 
of frontal fossa and su- 
praorbital rim and floor of 
orbit. Suspension wire for 
right medial canthopexy 
also seen. 





Instead reconstruction of the functional components such gland present at birth with invasion of mandible (Fig. 9a). 
as vision, breathing, and occlusion are more realistic On December 11, 1962 the carcinoma was excised fol- 
aims. lowed by chemotherapy and x-ray therapy (Fig. 9b). 

There has been no evidence of recurrence. 
She was next referred at age 12 for re-evaluation of the 
M. M., CHMC 4554-54-70, was born November 25, deformity which interestingly resembled that of a hemifa- 
1962. This patient had a duct cell carcinoma of the parotid cial microsomia. The zygoma was undeveloped, the 
mandibular ramus absent, and the body of the mandible 


Tumor 





B 





FiG. 9a. 7-day-old baby with massive carcinoma invading mandible. FiG. 9b. Same child as in Fig. 9a. at three years of age following surgical 
excision and x-ray therapy; note defect on left side of face. 
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FIGS. 9c. and d. Same 
patient as in Fig. 9b. at age 
twelve has had no evidence 
of tumor. Defect is surpris- 
ingly similar to that of 
hemifacial microsomia 
with depression of soft tis- 
sues, shortened mandible, 
and deviation of jaw open- 
ing. 





small. All soft tissues were atrophic and an obvious con- reconstruction of left zygoma, left temporal fossa, left 
cavity of the left side of the face existed (Fig. 9c, d). ramus and body of the mandible with additional onlay 
After evaluation repair was performed and consisted of bone grafts along the body of the mandible. The total 
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i À Fic. 9f. (1) Onlay split rib bone graft to reinforce zygomatic arch and 
FIG. 9e. Intra-operative photo shows reconstruction of zygomatic arch, provide accentuation of glenoid fossa. (2) Silastic membrane for joint 
total reconstruction of temporal fossa, inter-positional bone graft be- surface and to prevent fussion. (3) Reconstructed ramus portion of 
tween newly made fossa and remnant of body of mandible, silastic mandible. (4) Onlay split rib bone graft for reinforcement and additional 
capping of bone strut, and onlay grafts over entire mandible to produce contour. (5) Vestigial coronoid process of right side of mandible. (6) 
angle and body. Body of mandible. 
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Fic. 10. Audiogram before and after a mid-face advancement for 
Crouzon's disease (Le Fort III) shows marked improvement in hear- 
ing. Patient was aware of change immediately on awakening in re- 
covery room. 
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FiGs. 9g. and h. Two 
months postoperative pa- 
tient has much improved 
contour and function. 


reconstruction was therefore a one-stage repair of the 
zygomatic arch, and teniporomandibular joint along with 
the body and ramus of the mandible (Fig. 9e, f). The effect 
on facial symmetry was satisfactory in addition to the 
functional improvement in her chewing and speaking 
(Fig. 9g, h). The patient's hospitalization was 15 days, the 
course prolonged by the complication of pneumothorax 
which required thoracic tube drainage for 8 days. 


In our experience this is a unique tumor and the mi- 
croscopic diagnosis has been rechecked and verified as an 
adenocarcinoma of duct cell origin. 


It is impossible to distinguish between the effects of the 
surgery and of the x-ray therapy in the causation of the 
defect but its similarity to hemifacial microsomia is strik- 
ing. 


Discussion 


Advances in treatment for craniofacial defects have 
increased interest and enthusiasm, for clinicians at least, 
in the embryology and genetics of congenital defects. 
Several recent conferences have been devoted to this 
subject. Repair of the congenital deformity does not solve 
the child’s or the parent’s multiple problems since as- 
sociated anomalies and side effects may remain and cloud 
the patient’s future. The study of congenital abnor- 
malities may provide clues to etiology and prevention. 
Although progress has been made in recognition and 
cataloguing of syndromes, difficulties still overwhelm us 
in delineation, classification, and terminology. Etiology 
is all the more elusive. 

The general classifications used for our patients were 
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FiGs. lla, b, and c. This 20-year-old woman had progressively enlarging hemangioma impairing vision and causing difficult psycho-social 


adjustments. 


selected in order to give some order to therapy. Analysis 
of the defects is required in order to plan selectively for 
appropriate treatment for the individual patient. The term 
"orbital hypertelorism’’ means abnormally wide distance 
between the eyes and is a symptom secondary to en- 





cephalocele or other cranial or facial clefts or premature 
synostoses. [t may be confused with telecanthus, a lateral 
displacement of the inner canthi, or exotropia leading to 
wide inter-pupillary distance. Premature synostoses of 
the cranial sutures have been divided conveniently by 





Fics. 11d, e, f. After two operations contour has improved, vision in right eye has been salvaged, and patient is anxious for further reconstruc- 


tive procedures. These varieties of vascular malformations are among the major unsolved problems in craniofacial surgery. 
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Converse into three groups: simple cranial synostoses, 
craniofacial dysostoses (Crouzon’s disease), and ac- 
rocephalosyndactyly (Apert’s syndrome). Shillito esti- 
mates approximately 10% of patients with craniostenosis 
shows significant facial deformity. 

The diverse features of Treacher-Collins Syndrome 
have been difficult to integrate conceptually. Tessier's 
theory seems logical. He considers that all defects of 
Treacher-Collins Syndrome can be explained by clefting 
between the lateral third of the orbital floor and the 
zygoma. This accounts for the coloboma, the loss of 
subcutaneous tissue, and the defects of the orbital bone 
and of the zygoma. The ultimate shape of the bony orbits, 
that of a parallelogram with curved angles is considered a 
secondary adaptation. 

The strange and unexplained developmental condition 
of hemifacial atrophy (Parry-Romberg Syndrome) was 
initially described as slowly progressive atrophy of the 
soft tissues of half of the face often accompanied by 
contralateral Jacksonian epilepsy and trigeminal neural- 
gia. Lately many patients with this condition have been 
seen with severe bony abnormalities. Thus we have a 
developmental condition affecting all of the tissues from 
the skin to bone. This **experiment in nature’’ has thus 
far defied chemical or pathological explanation but clini- 
cal study of this may shed light on the pathogenesis of 
defects involving similar anatomical structures. 

The genetics of craniofacial anomalies is undergoing 
constant revision. Most of the conditions presented are 
sporadic events although there have been documented 
case histories of Treacher-Collins Syndrome affecting as 
many as 14 persons in 5 generations within one family. 

There have been unexpected clinical dividends from 
our studies. Several patients have noted improvement in 
their hearing following mid-face advancement. One pa- 
tient has improvement documented by comparison in pre 
and postoperative audiograms (Fig. 10). Another patient 
with hemifacial microsomia noted improvement in facial 
nerve function following elongation of the body of the 
mandible. She and her family were delighted with improve- 
ment in the facial nerve palsy which had been present since 
birth. We have no explanations for causes of either of 
these two objective findings. Craniofacial experiences 
have influenced our mandibular bone grafting techniques. 
Formally for large defects we used prostheses of silicone 
or titanium, whereas now autogenous bone can be fabri- 
cated for total mandibular placement. 

Autogenous bone grafts as dust or paste have been 
used in our major craniofacial reconstructions to smooth 
out irregularities over the wired solid bone grafts. This 
bone paste molded over the defects becomes solid and 
stable. This has initiated a laboratory program on the 
differentiation of osteoblasts from varieties of stem sub- 
stances. 

One patient referred for unilateral exophthalmos 
suggests a possible role of denervation on abnormal facial 
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growth. She had had a posterior fossa tumor resected 6 
years prior to referral with sacrifice of the ipsilateral 
sixth, seventh, eighth, and ninth cranial nerves. She sub- 
sequently developed exophthalmos with proptosis on the 
operated side. X-ray analysis revealed an enlarged orbital 
contents within an enlarged bony orbit. This suggests an 
inhibitory effect of nerve on growth, leading to over- 
growth and hypertrophy of the soft tissues and bone 
following denervation. 

Although currently we can correct to some degree 
most congenital defects, vascular tumors of the craniofa- 
cial area remain as unsolved problems (Fig. 11 a, b, c, d, 
e. f). Many patients with vascular tumors have not been 
treated for fear of operative mortality. Congenital arterio- 
venous malformations, cavernous hemangiomas, lymph- 
angiomas, and neurofibromas can cause hypertrophy of 
adjacent anatomical structures, the mechanics of which 
warrant clinical and laboratory study. 

Many patients are referred who had well meaning but 
unrealistic reconstructive surgery. Often surface defects 
were repaired without correction of the fundamental 
bony malformation, making the resultant situation almost 
untreatable. 
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DISCUSSION 
* 
(Note: Some of the discussants’ remarks refer to both this paper and 
to the preceding one by Dr. Milton T. Edgerton. Such remarks appear 
following both articles. j 


Dr. PAUL W, GREELEY (La Jolla, California): These two papers are 
very difficult to discuss and may I say that I congratulate the energy that 
both Dr. Edgerton and Dr. Murray had in going ahead and attacking the 
problems of this type. 

One thing we must remember is that all children grow and many of 
these things are performed in children of a very young age group. 

I would like to suggest that Dr. Edgerton and Dr. Murray come back 
here 10 or 15 years later and show us what has happened to these same 
individual children that they've shown tonight. 


DR. BRADFORD CANNON (Boston): I should like to speak for two 
deceased members of this Association who would have greatly enjoyed 
Dr. Edgerton's and Dr. Murray's reports. 


Association in years past. 

Dr. Jerome Webster, an early student of the deformity of hyper- 
telorism, demonstrated in 1950 that the bony framework and soft tissues 
of the nose could be revised in order to produce the optical illusion of a 
lesser distance between the canthi. In that report, he wrote: "Authors 
have been of the opinion that the problem of hypertelorism is insur- 
mountable." How excited he would have been with the developments 
in the quarter-century since this gloomy prediction. 

The incentive and competence of today's authors was first founded 

y facial trauma and further de- 
rcinoma of the mouth and jaws. 
ct of the care of the patients that 
ulti-discipline approach in today's 
Sk of lapses in responsibilities for 

cess of these procedures, the acme of 

different disciplines, is a tribute to the 
authors who provided the leadership and also I am sure maintained the 
warmth of personal attention to patient care which was so characteristic 
of our two deceased colleagues, 


DR. WILLARD E. GOODWIN (Los Angeles): l'm an urologist and am full 
of admiration and even envy for this beautiful specialty of plastic 
surgery, 

We see patients who feel that they wish to "look and feel better,” 
which I think is what we've seen this evening. However, the patients I 
see who wish to look and feel better wish, if they're women, to be men 
and, if they're men, they wish to be women. 

As far as they're concerned, they're just like what you saw on these 
magnificent slides. They feel, I guess, the Way these patients feel: they 
want to change their image. 

It’s a very real problem and I'd like very much to ask the two 
essayists how they feel about this, about the image that the patient 
wishes. 


teams. I would like to ask Dr. Edgerton how many teams he thinks 
should engage in this on this continent, because if everyone sets out to 
do this with the remarkable examples that we've seen here, we're going 
to have a lot of disasters. 

took a great deal of 
ly and if everyone 
is, Pms In i o. But, there really 

aren't so many of these cases. 
I wonder how many there really are and I would like also to have Dr. 
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Edgerton tell us what the incidence is and whether the backlog is caught 
up, or whether there is still a good many who need to be found and hope 
to be rehabilitated. 

It has been my misfortune to have laid on-lay grafts on the mandible 
and maxilla to observe them over a fairly long period of time and find 
that the bone hasn't stayed there like I thought it would. 

I would like to ask Dr. Murray what he thinks the incidence of on-lay 
grafts for osteogenesis with good results are, and whether we can 
expect some absorption with the passage of time. 


DR. FRANCIS D. Moore 
cause I watched Dr. Murra 
and try to do something 

The surgery 
he showed so 


mber the time 
m for more of 


protagonist and that's very important. 

These children are terribly crippled and they're crippled by a cos- 
metic deformity. What Dr. Edgerton and Dr. Murray were trying to do 
is to improve that and improve their self-image. 


DR. JosEPH E. MURRAY (Closin 
requiring this type of cranio- 
surprised that they are con 
merely clearing up a big b 
improve, the greater the v 

In order to get some es 
facial stenosis we can ref, 

Service at the Children’s 

Ingram, Matson, and Shillito. Over the past 25 years they have reported 
over 900 such patients, and Dr. Shillito estimates that 10-15% of these 
have facial stenosis. 

Longitudinal growth studies are in existence within the records of the 
Children’s Hospital Medical Center, and we are in the process of 
studying them retrospectively in order to arrive at some estimate. This 
retrospective study has demonstrated that the mid-face in Crouzan's 
disease does not grow at all. Originally we waited until mid-teens before 
performing corrective surgery by a mid-face advancement. Currently 
we are operating in the preschool age because the mid-face has no 
growth potential and as the remaining surrounding structures continue 
to grow, the defect becomes worse. Dr. Swanson feels that we are 
possibly unlocking restrictions on growth by the earlier surgery. 

The question about the intersex image from Dr. Goodwin is difficult 
for me to understand. It seems to me that a visible facial defect would 
have a direct effect on self image; I'm not keen or interested enough to 
understand this in relationship to the intersex psyche. 

Dr. Moore made an interesting point that some postoperative photo- 
graphs are not very good. I agree that all results are not perfect. 
Sometimes patients are overly pleased by minimal correction: con- 
versely they or the family may be displeased that a 90% correction is not 
100% perfect. Doctors, patients, and families all are sharing a sense of 
enthusiasm, and physical improvement makes the psychological Sup- 
port much more effective. 

Regarding absorption or degeneration of onlay bone grafts I think if 
sufficient bony contact and proper fixation exists, the contour of the 
graft remains. Only five of our patients have lost dental occlusion, and 
all seem to have been related to inadequate fixation of the bone grafts or 
of the osteotomy fragments. These grafts do seem to maintain their 
position and form. 

To conclude, this morning following a paper on host-resistance to 
sepsis and trauma, seven different members of this Association dis- 
cussed autoimmune mechanisms with sophisticated familiarity. They 
mentioned rosette formation, enhancing antibodies, T-cells and B-cells, 
and other microbiological factors. This is, I think, the application of 
transplant experience of the past 20 years applied to the problem of 
Sepsis. 

I hope ten years from now at some future American Surgical Associa- 
tion meeting that similar types of discussions on the genetics and em- 
bryology of many diverse surgical conditions will be given, stimulated 
possibly by our beginning surgical experiences in cranio-facia! surgery. 
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In 1948 one of us (O.S.) proposed a new method of treatment, 
abdominoperineal resection, for patients with congenital megaco- 
lon. Since then, 483 patients have been treated by 13 pediatric 
surgeons in Chicago and Boston using this technique. Two hun- 
dred and eighty-two of the patients were last interviewed and 
examined more than 5 years after the resection. There were 16 
postoperative deaths (3.3%) and 6 late deaths (1.2%) from en- 
terocolitis. Both early and late complications were infrequent and 
are discussed in detail. Almost 90% of the patients reported that 
they now have normal bowel habits. None of the patients de- 
veloped urinary incontinence or impotence, although ten patients 
(2.1%) reported permanent fecal soiling. This is the first large 
group of patients treated for congenital megacolon who have been 
followed to adulthood. The low incidence of postoperative compli- 
cations and minimal frequency of long-term complications indi- 
cate that the abdominoperineal resection is a safe, effective 
method of treatment for congenital megacolon. 


N 1945 there was no cure for patients with congenital 

megacolon. We were fortunate to have observed three 
children who had colostomies performed and who were 
completely relieved of their symptoms. The parents re- 
quested that the colostomies be closed and treatment 
with drugs be tried. The colostomies were closed and the 
children were treated medically but, within 6 months, 
there was a complete recurrence of symptoms. 
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BEEN EM i ee 


The colostomies were reopened and the patients were 
again relieved of their abdominal distention and severe 
constipation. We could only conclude that the distal 
colon contained a physiological block, for there was no 
mechanical obstruction. We then studied the distal colon . 
by multiple balloon recordings and demonstrated that in 
the rectosigmoid and rectum there was no peristalsis, 
while in the proximal colon there was normal peristalsis. 
Barium enema examination revealed a narrow distal 
colon with massive dilatation proximally.’*'* The next 
step in this line of reasoning was that removal of the distal 
narrow malfunctioning colon and substituting for it the 
proximal dilated but physiologically intact colon should 
be curative. 

We resected the rectum and rectosigmoid colon in 15 
dogs and anastomosed the proximal colon to the rectal 
cuff one to two centimeters from the mucocutaneous 
margin. One of the dogs developed infection and was 
lost, but the remaining 14 animals made satisfactory re- 
coveries and remained continent. 

A similar operation was performed in 1947 on one of 
the three patients who had his colostomy re-established. 
He remained well after the colostomy closure and was 
continent. Since then, 482 additional patients have been 
resected in a similar manner. Over the past 25 years, 
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TABLE l. Age at Resection and Mortality. 


No. Post Op 
Resected (%) 


Deaths (Mortality) 


(28.6) 
( 2.3) 
( 1.9 
( 1.0) 
( 0.0) 
( 4.8) 


(100.0) 


( 5.8) 
(26.5) 
(32.9) 
(20. 1) 
(10.4) 
(43) 


483 (100.0) 


21-50 Yrs. 


Totals 


essentially the same procedure has been used in these 
patients. 

In a previous publication we reported a study of the 
symptoms, signs and diagnostic modalities used in estab- 
lishing the diagnosis of congenital megacolon in 501 pa- 
tients.” The present report is concerned with the post- 
operative complications and long-term followup on 483 
patients* who had an abdominoperineal resection as de- 
scribed by Swenson and Bill. The remaining 18 patients 
are either awaiting resection or died before a resection 
could be performed. 


Method 


The hospital and physicians’ records of 501 patients 
treated for congenital megacolon at Boston Children's 
Hospital from 1947 to 1950, at the Tufts-New England 
Medical Center, Boston from 1950 to 1973 and at The 
Children's Memorial Hospital, Chicago, from 1960 to 
1973 were reviewed. Final evaluations were obtained by 
traveling to various parts of the United States and 
Mexico and holding clinics so that these patients could be 
interviewed and examined. Questionnaires were not 
used. Information on the birth history, initial physical 
" examination, radiologic evaluation, initial treatment in- 
cluding colostomy and its complications, length of 
aganglionic bowel, details of the resection, early and late 
postoperative complications and final status was ob- 
tained on each patient and was tabulated as 158 vari- 
ables for the study. The data were key punched and put 
on a retrieval system for analysis on a Control Data 6400 
Computer. The Statistical Package for the Social Sci- 
ences (SPSS) System was used to compute the frequency 
distribution and the Chi-square statistics for the study. 

Thirteen pediatric surgeons were contributors *o this 
series. Six of the surgeons were not trained by the senior 
author. [n addition, 3092 of the resection were performed 
by pediatric surgery residents. 

Patients were resected in one of three ways: single- 
stage with no preoperative or postoperative ileostomy or 
colostomy; two-stage consisting of a preoperative ileos- 


*A previous paper by us” stated that 480 resections were performed 
on these 501 patients. Since publication of that paper, several key punch 
errors have been found to give us the corrected number of resections, 
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TABLE 2. Summary of Patient Population. 


Preoperative Colostomy 202 
Preoperative Heostomy 

Colostomy at time of Resection 

lleostomy at time of Resection 

Colostomy after Resection 

Ileostomy after Resection 

Age at time of Resection (yrs.) 

Time taken to do Resection (hrs.) 


Postoperative Length of Stay (days) 13.8::0.8* 


IT anan nnmnnn, mentre narrat te nut eit 


*Mean and standard error. 


tomy or colostomy and a takedown of the ostomy at the 
time of resection: and three-stage which consisted of a 
Preoperative ostomy, resection and Closure of the os- 
tomy. Slightly more than 50% of the patients had a 
single-stage procedure. Less than 15% had a three-stage 
procedure. 

The patients ages at the time of resection ranged from 8 
infants less than one month of age to a 50-year-old man 
(Mean Age: 4.9 years) (Table 1). The mean preoperative 
weight was 37.2 pounds and the average time taken to do 
the resection was 4.3 hours. These and other patient 
parameters are summarized in Table 2. The proximal 
limit of aganglionic bowel was known in 478 of the 483 
patients resected and is listed in Table 3. No patient in 
this study had a skip area of aganglionosis. 

A final followup was obtained on 435 patients (90.1%) 
of those resected (Table 4). One hundred and four of the 
patients have been seen 16 or more years after the resec- 
tion and 250 were 10 years or older when last examined. 


Results 
Immediate Postoperative Complications (TABLE 5 ) 


All of the patients had urinary bladder drainage post- 
operatively. Suprapubic drainage was used in patients 
under 18 months of age and urethral catheter drainage 
was use in older patients. Positive urine cultures were 
obtained on 37 (7.792) of these patients. These were usu- 
ally obtained by culturing the tip of the removed catheter 
and not all had clinical symptoms of urinary tract infec- 
tion. 

The wound infection rate of 4.6% can be attributed to 


TABLE 3. Proximal Limit of Aganglionic Bowel. 


MÀ ——— MÀ À— pp 


MTM TII m e ee reer erste er dera a a A rre e Ferre eta t A 


(96) 


( 7.7) 
(14.7) 
(50.4) 
(14.0) 
(10.0) 
( 1.3) 
( 1.9) 
(100.0) 


RL ees ie Ne erar re m PA tarea aM AT IT 


— v 


Rectum 
Rectosigmoid colon 
Sigmoid colon 
Descending colon 
Transverse colon 
Ascending colon 
Terminal ileum 


Total 


*Length of aganglionic bowel was unknown in 5 patients, 
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TanLE 4. Length of Time Between Resection and Last Followup. 
Years No (7) 
M ATS a oaot eaa ee alia cee ee 
<i 28 ( 6.5) 

j- 4 125 (28.7) 
5-10 125 (28.7) 
11-15 53 (12.2) 
16-25 104 (23.9) 

Total 435 (100.0) 





wound contamination from a preoperative colostomy or 
ileostomy. Twenty of the 22 wound infections occurred in 
the 202 patients who had a preoperative colostomy. One 
of the two remaining wound infections occurred in one of 
the 13 patients who had a preoperative ileostomy. The 
corrected wound infection rate after taking down a colos- 
tomy or ileostomy at the time of resection was 9.8% 
(21/215). The corrected postoperative wound infection 
rate for the 268 who did not have a preoperative colos- 
tomy or ileostomy was 0.4% (1/268). 

Six patients had dehiscence of their wound, all occur- 
ring between the fifth and eighth day after resection. 
Dehiscence was not related to age at resection or post- 
operative complications. 

Leak of the coloperineal anastomosis, one of the most 
serious postoperative complications encountered, occur- 
red in 24 patients (5.0%) and resulted in the death of 6 
patients. The patients who had a significantly increased 
incidence of anastomotic leak were those with Down's 
Syndrome (P<0.001). Four of the anastomotic leaks oc- 
curred in the 16 patients with Down’s Syndrome. Simi- 
larly, 4 of the 37 patients with aganglionosis limited to the 
rectum also developed an anastomotic leak. Although 
this relationship is not statistically significant, the inci- 
dence of leak in patients with aganglionosis limited to the 
rectum was more than double that for all other lengths of 
aganglionic bowel. 

Neither the patients age at the time of resection nor the 


TABLE S. Immediate and Late Postoperative Complications. 
e es 
No. (%) 


sm ga sata ce cl Data Sk eae eae E a 
A. Immediate 


1. Wound infection 22 ( 4.6) 
2. Wound dehiscence 6 ( 1.2) 
3. Anastomotic leak 24 ( 5.0) 
4, Sepsis 14 ( 2.9) 
5. Pelvic abscess 14 ( 2.9) 
6. Intra-abdominal abscess 8 ( 1.7) 
7. Bowel obstruction" 13 ( 2.7) 
8. Death 16 ( 3.3) 
B. Late 
i. Rectal stricture 30 ( 6.2) 
2. Temporary soiling 64 (13.3) 
3. Death from other causes 10 ( 2.1) 


*Does not include 8 obstructions occurring more than 30 days after 


resection. 


SWENSON AND OTHERS 
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presence of a colostomy or ileostomy before or at the 
time of resection influenced the incidence of postopera- 
tive anastomotic leak (Fig. 1). We had believed that re- 
section in the very young child carried an increased risk 
for this complication, but only two (7 1%) of 28 patients 
who were resected when they were 4 months of age or 
younger, developed a leak. In addition, 10 (4.7%) of the 
215 patients who had a preoperative ileostomy or colos- 
tomy and two (8.3%) of the 24 patients who had an 
ileostomy or colostomy performed at the time of resec- 
tion subsequently developed a leak. All but two of the 
patients who developed a leak had a diversionary ileos- 
tomy or colostomy. Two patients died before fecal diver- 
sion could be performed. 

Anastomotic leak significantly increased the incidence 
of other serious complications. Fourteen patients had a 
positive blood culture after resection. Six (42.9%) of the 
positive blood cultures were obtained in patients who had 
an anastomotic leak. As expected, the incidence of pelvic 
and intra-abdominal abscesses was also high after leak. 
Eight of the 14 pelvic abscesses and 6 of the 8 intra- 
abdominal abscesses occurred in patients with a leak. 

Thirteen patients developed a postoperative bowel 
obstruction requiring laparotomy within one month of the 
abdominoperineal resection. Over one-half of these pa- 
tients developed the obstruction within one week of the 
resection. 

Sixteen (3.3%) patients died during their hospitaliza- 
tion for resection. The preoperative variables, which in- 
-reased the risk of postoperative death, included age at 
the time of resection and length of aganglionic bowel 
(Fig. 1). One-half of the postoperative deaths occurred in 
the 28 patients who were 4 months of age or younger 
when resected (P<0.0001). Only one of this latter group 
had an anastomotic leak while 5 of the remaining 8 pa- 
tients who died developed a postoperative leak. Four of 
the postoperative deaths occurred in the 37 patients who 
had aganglionosis limited to the rectum. This relationship 
is not statistically significant, but anastomotic leak did 

occur twice as frequently in patients with aganglionosis 
limited to the rectum than for any other length of 
aganglionic bowel. 


Late Postoperative Complications 


Late postoperative complications included rectal stric- 
ture and soiling (Table 5). 

Although 30 patients (6.2%) developed a postoperative 
rectal stricture, only 7 required a secondary operation. 
The operation consisted of cutting the stricture in the two 
posterior quadrants. The remaining 23 patients with stric- 
tures required no treatment or rectal dilatation. Interest- 
ingly, only three of the rectal strictures occurred in pa- 
tients who had an anastomotic leak. In reviewing our 
data, we found no predisposing factors among our vari- 
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ables which increased the probability of the development creased the incidence of temporary late soiling after re- 
of a rectal stricture. section was the length of aganglionic bowel. It occurred 
i Temporary late soiling after resection occurred in 64 two times more frequently in patients with aganglionosis 
" patients (13.3%). Ten of these patients developed perma- limited to the rectum than in patients with any other 
nent soiling. The only factor which significantly in- length of aganglionic bowel (P<0.01). It is of interest to 
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TABLE 6. Final Patient Status.” type of colon with hyperperistalsis, crampy pain, 
No. (%) mucorrhea, occult blood and anal fistulas." The second 


——— a. CCC tC patient with a permanent colostomy was resected in 1949 

2. Permanent soiling 9 ( 3.2) and the family refused a postoperative colostomy. Even- 

3. Permanent colostomy or ileostomy 4 (1.4) tually a colostomy was made, but he had a severe rectal 
s S MM i o stricture. He was last seen 24.5 years after resection and 
— refuses further treatment. 

*Includes 282 patients followed for 5 or more Yen. Genitourinary problems were rare in the resected pa- 


tients. No patient claims urinary incontinence or impo- 
note that preoperative soiling was also noted in 12 pa- terce. (The last was asked of 101 patients past puberty). 
tients with short lengths of aganglionic bowel but only The only urinary problem Is in à 15-year-old boy who has 
two of these patients developed postoperative soiling. In permanent soiling and has nocturia if he drinks during 
10 patients the resection corrected the preoperative soil- the evening." This patient was resected in 1961 and was 
ing problem. last seen H years after resection. He required Foley 
During the 25 years of the study, 10 patients (2.1%) catheter drainage for two months after the operation and 
died of causes unrelated to congenital megacolon or ab. was diagnosed as having acute pyelonephritis one month 

dominoperineal resection. after resection. . . 
At the final evaluation, 80 of the patients stated that 


Final Evaluation they are married and cumulatively have 146 children. 


Although a followup final evaluation was obtained on 
435 patients, only 282 patients last interviewed 5 or more 
years after resection will be discussed. When last seen, 
each patient was asked several questions about gastroin- 
testinal and genitourinary function (Table 6). 

Almost 90% stated that they have normal bowel habits. 
In addition, 238 patients listed the number of daily bowel 
movements and over 91% have one or two movements 


Enterocolitis 


Enterocolitis is a poorly understood disease frequently 
associated with congenital megacolon and is a major 
cause of death in untreated patients. Almost 25% of our 
preoperative patients had this associated disease. The 
etiology of enterocolitis is unknown. Partial colon 
obstruction in patients with congenital megacolon has 
been considered a major cause of enterocolitis, but the 


per day. 
A total of 10 patients have permanent soiling. Nine disease also occurs in children with congenital megacolon 
who have normal functioning colostomies above the 


(3.2%) of these have been followed for more than 5 years 
after resection. They range in age from 3 patients 7 years aganglionic bowel. When patients with acute or chronic 
of age to one 16 year old. All were resected in the 1960's enterocolitis are examined, the rectal sphincter is often 


and were last seen in 1971 or 1972. No patient followed very tight. Several years ago we proposed 
for more than 11 years has permanent soiling. Among the sphincterotomy to help these patients. Twenty-seven 
9 patients with permanent soiling, one has microcephaly Were performed and our initial enthusiasm was lost be- 
and mental retardation and is not trainable. An additional cause no significant benefit was obtained. Children with 
3 patients have occasional staining controlled with enterocolitis usually have a fever, abdominal distention 
Ducolax suppositories. Of the 5 remaining patients, one and explosive watery green diarrhea. In the postopera- 
is a 15 year old who had a previous State procedure tive patient one may see abdominal distention and drib- 
before our resection. Aganglionosis was limited to the bling of liquid feces. X-rays of the abdomen will outline 
sigmoid colon or aboral in 8 patients and extended to the massive small and large bowel distention. The disease is 
cecum in the last patient. common both before and after the treatment of congenital 

Two patients have a permanent colostomy and two megacolon and must be diagnosed early to prevent de- 
have permanent ileostomies. One of these patients, who hydration, shock and death. Treatment is simple and 
has been followed for 22.7 years, had a total colectomy effective and consists of frequent rectal irrigations with 
for ulcerative colitis. The second patient with a perma- warm saline solution for two to three days. All mothers of 


nent ileostomy had a colectomy in 1948. He was last 

reviewed 23.5 years after resection when he was 31 years 7 er - T€ M i 
A , LE £j. dence c IC OLON. 

old. One of the patients with a permanent colostomy was ABLE 7. Incidence of Enterocolitis in Congenita’ egar? 


11 years old when last reviewed 6 years after resection. No. (96) 
He developed an anastomotic leak with pelvic and intra- “Neonatal diarrhea or enterocolitis 120 (24.0) 
abdominal abscesses and required a diversionary colos- Postoperative enterocolitis 79 (16.4) 
tomy. The colostomy has not been closed because the Late enterocolitis i 100 (20.7) 
Late death from enterocolitis 6 ( 1.2 


surgeon believes the patient has an “ulcerative colitis 
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patients with congenital megacolon are warned about this 
problem and instructed in the technique of rectal irriga- 
tions. 

Diarrhea or enterocolitis after birth occurred in 120 
patients (Table 7). These patients had a significantly in- 
creased incidence of late enterocolitis (P<0.01) occurring 
more than one or two months after resection, but not 
enterocolitis occurring in the immediate postoperative 
period. Over 28% of the patients with neonatal diarrhea 
or enterocolitis developed late enterocolitis, but only 
16.2% of those patients without a history of neonatal 
diarrhea or enterocolitis eventually developed late en- 
terocolitis. 

Seventy-nine patients developed immediate postopera- 
tive enterocolitis. A significant per cent of these patients 
(38.0%) eventually developed late enterocolitis 
(P=0.0001). Only 17.8% of the patients without im- 
mediate postoperative enterocolitis developed late en- 
terocolitis. 

One hundred patients (20.7%) developed late en- 
terocolitis. Sixty-eight of these patients (14.1%) required 
hospitalization for treatment of the enterocolitis. The in- 
cidence of late enterocolitis requiring hospitalization was 
most common in the first year after resection when 51 
(75.076) patients had their last episode. Of the remaining 
17 patients, 12 (17.6%) had their last attack during the 
second year after resection. No patient had late en- 
terocolitis requiring hospitalization more than 5.4 years 
after resection. 

The age of the patients at the time of resection also 
influenced the incidence of immediate postoperative and 
late enterocolitis. Enterocolitis occurred in 30% to 40% 
of the children who were resected when they were 4 
months of age or younger and in 10% to 20% of the older 
children. 

Six patients (1.2%) died from enterocolitis during the 
period three to 36 months after resection. All of these 
patients had had immediate postoperative and/or late en- 
terocolitis. Only one had had diarrhea or enterocolitis as 
a newborn. 

Discussion 

This long-term study demonstrates the safety and effi- 
cacy of abdominoperineal resection for the definitive 
treatment of congenital megacolon. It is difficult to com- 
pare our results with other reported series using the 
Duhamel or Soave operations because of lack of compar- 
able data. 

Our postoperative mortality of 3.3% includes 8 of the 
28 patients who were 4 months or younger when they 
were resected. We no longer perform a resection on 
patients less than 6 months of age or on patients who 
weigh less than 20 pounds. If these 28 patients are 
excluded when calculating mortality, we obtain a cor- 
rected death rate of 1.8% (8/455). 
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Enterocolitis occurred frequently in our pre and post- 
operative patients and requires further study. A more 
detailed review of these patients will be performed in the 
near future to give us more insight into this complex and 
difficult problem. 

Anastomotic leak, which was a major cause of death in 
patients who were over 4 months of age when resected. 
was also associated with a marked increase in morbidity. 
This study suggests that patients with a short length of 
aganglionic bowel or with Down's Syndrome carry an 
increased risk for this complication. Other important fac- 
tors predisposing patients to an anastomotic leak, such as 
an inadequate blood supply at the resected margin or 
tension at the suture line, could not be quantitated for 
computer review. 

Our data are in agreement with Fazio? and Burman 
who believe that a protective ostomy does not influence 
the incidence of leaks in distal colon anastomoses. While 
we do not believe that a protective ostomy will prevent 
leaks, it may be lifesaving in preventing continued con- 
tamination of the pelvis and the peritoneal cavity after a 
leak is discovered. 

Aylett,' in a series of 300 low colonic anastomosis in 
patients with ulcerative colitis, reported a 12.4% inci- 
dence of leak. Burman’ reported a 32% incidence of leak 
in low colonic anastomosis for Crohn’s disease. Our rate 
of 5% compares favorably with these. However, our pa- 
tients are not comparable particularly with the Crohn's 
disease patients, since these latter patients have a prob- 
lem in healing. In 163 ileorectal anastomoses for a vari- 
ety of conditions at the Cleveland Clinic, the leak rate 
was 1.2%. Polacek!* reported a leak rate of 3% in 270 
colon anastomosis for carcinoma. Our anastomosis is 
below the peritoneal floor and one would expect a higher 
incidence of leaks. It would seem that a 5% leak rate is 
reasonable. 

Rectal stricture is often mentioned as a major compli- 
cation of this type of operation, but severe rectal stricture 
occurred in only one of our patients. The mother of this 
patient refused to permit a prompt postoperative colos- 
tomy when a leak at the anastomosis occurred. In all the 
subsequent leaks, a prompt colostomy was made in all 
patients when the leak was detected. None of these pa- 
tients developed a severe stricture which required a sec- 
ond resection. In a group of patients with strictures sent 
to us for a second resection, all had colostomies delayed 
weeks or months after the leak occurred. We firmly 
believe an immediate colostomy is mandatory after a leak 
has been identified. 

Duhamel’ described a side to side anastomosis of nor- 
mal colon to the aganglionic rectum using a spur-crushing 
clamp. This operation has been modified by Martin. His 
first report in 1962 described a modification of the 
Duhamel operation and he expressed satisfaction with 
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the results in seven patients." He has subsequently mod- 
ified this to a double anastomosis to eliminate the 
troublesome blind rectal pouch.’ Others have modified 
this by using a stapling device to achieve the side to side 
anastomosis. 

Soave! advocates an endorectal operation, a 
technique first described by Hockenegg in 1900. The 
rectal mucosa is removed down to the mucocutaneous 
margin and the normal colon pulled through this and left 
protruding for ten to 14 days. Boley? had difficulty with 
this procedure and proposed making an anastomosis at 
the mucocutaneous margin. He reports 8 cases with satis- 
factory results. Presumably, because of some problems 
with the retained aganglionic rectal cuff, Marks! has 
modified the operation by cutting the muscular cuff pos- 
teriorly. Deodhar? has reported his experience after doing 
20 Soave operations, including 8 with the Boley modifica- 
tion. He had a 1596 mortality rate and complications in 
65% of the patients. Klotz? reported his complications 
after doing three Soave and 16 Boley operations with anal 
strictures in 4, perineal excoriation in 5 and mucosal 
prolapse in 3. These are small groups of patients and 
consequently not suitable for a meaningful comparison 
with our results. 

Resection of the aganglionic colon with a pull-through 
anastomosis is a difficult operation. Yet, if a well trained 
surgeon has an opportunity to observe the technical de- 
tails of the operation and then perseveres, good results 
can be obtained. Our results and those of Weitzman,” 
who reported 41 cases with a low complication rate and 
good results, are evidence for this. Benneť has a large 
series of resections with pull-through anastomosis with 
good results. 

The final status of 282 of our patients followed for 5 or 
more years demonstrates the excellent long-term results 
of abdominoperineal resection with a pull-through anas- 
tomosis. Almost 90% of the patients followed for five to 
25 years have normal bowel habits and none have urinary 
incontinence or impotence. Of the 29 patients without 
normal bowel habits, only 13 have the serious problems 
of permanent soiling or fecal diversion. The remaining 16 
patients complained of recurrent diarrhea or constipation 
requiring enemas or laxatives. 


The one helpful bit of information that has improved 


the treatment of congenital megacolon, was that the 
aganglionic distal colon was a physiological block. We 


still believe that the most enduring good results are ob- 


tained when this is removed and not partially left in place. 


SWENSON AND OTHERS 
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DISCUSSION 


Dr. CLIFFORD D. BENSON (Detroit): It is a distinct pleasure for me to 


discuss the paper of Drs. Swenson, Fisner, Sherman and Cohen. Dr. 
Swenson has had the unique experience of originating an operative 


procedure based on sound experimental work and applying it to patients 
with Hirschsprung’s Disease with curative results which have stood the 
test of time throughout the surgical world. 

Our interest in Hirschsprung's Disease dates from 1948 when Dr. 
Solzer and Dr. Wilson at the Children’s Hospital in Michigan reported 
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clinical and pathological data that established the disease as a distinct 
entity of aganglionic megacolon beyond a question and confirmed this 
by work done by Kernerhan and Body. 

The paper Dr. Swenson and his associates have presented tonight has 
been the most comprehensive study of a large series of patients fol- 
lowed from infancy into adulthood. The information will be inestimable 
value to surgeons and pediatricians in the future. 

When you realize that they have worked about six years gathering all 
this information, you know its value. 

We performed our first Swenson procedure in 1951 and made the 
error of not carrying the resection low enough at the first operation. 
This required a subsequent colostomy and then a re-resection with a 
final good result. That man is now 25 years old and father of a child. 

A postoperative mortality of 3.392 of these patients undergoing resec- 
tion for such a large series is certainly commendable and, I think. 
difficult to equal. 

At our institution, from 1960 to 1973, 155 patients have been operated 
upon for Hirschsprung’s Disease and a colostomy has been done in the 
newborn period and then the definitive Swenson procedure has been 
carried out 15-18 months of age. 

It is of interest that of this group there were nine patients in the 
newborn period who had a total aganglionosis of the entire colon and 
since that time they have had their ileostomy and subsequent pull- 
throughs and we have eight living of these children. 

During the past decade, the Duhemel procedure with its modifications 
and the Swarvey operation, have been accepted by a number of sur- 
geons with good immediate results. The same complications can occur, 
such as lesions of the anastomosis, stricture and postoperative en- 
terocolitis. Time will tell if ever a 20-year followup has been done in this 
study that the morbidity or mortality will be any different than the 
Swenson procedure. 

I would like to ask the authors one question. In those patients who have 
aganglionosis of the rectum in the newborn period, based on what we 
know at the present time, would it be advisable to handle these patients 
by a submucous miotomy extending up through this area? 


DR. THoMas C. Moore (Torrance, California): I, too, enjoyed this 
very interesting presentation by Dr. Sherman, Dr. Swenson and their 
colleagues. I think the contribution of Dr. Swenson many years ago is 
certainly a milestone in the development of pediatric surgery as an area 
of special interest for surgeons. 

Dr. Swenson's work with that of Dr. Gross, Dr. Lamm and Dr. Land, 
were major factors in the early development of pediatric surgery. I'd 
simply like to comment on a fascinating patient we had recently at the 
Harvard General Hospital and I would ask Dr. Swenson and Dr. Sher- 
man if they could give us some help concerning the genetic aspects of 
this. 

Dr. Sherman mentioned the Down's Syndrome did occur in some of 
their patients. We recently have had a fascinating case of 
Hirschsprung's Disease developing in one of identical twins. We're 
unable to decide how this came about. 

At any rate, this was a prematurely born infant that developed bowel 
obstruction, enterocolitis in the early postnatal period, was managed 
successfully by colostomy and subsequent repair by the Swarvey mod- 
ification, Dr. Swenson’s operation. 

In studying this particular patient, the diagnosis was established early 
by the suction biopsy type technique looking for the absence of Meiss- 
ner's plexus and ganglion cells which were not present, subsequently 
identified and substantiated by signoid colon biopsy which again in the 
Meissner's enteric Auerbach's plexis showed no ganglion cells. 
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The other twin had Meissner’ plexus ganglion cells present on section 
biopsy, had no symptoms. The twins shared a common placenta. They 
were identical in their ABO types. 

Dr. Terasaki, in our medical school at UCLA carried out HLA and 
MLC studies which showed the identity. There was no stimulation on 
the MLC test so I think we had some substantiation of the discordancy 
here with identical twins in terms of Hirschsprung's Disease. We are 
still puzzled about how this came about and perhaps we can get some 
help here tonight. 


DR. ALEXANDER HARVEY BiLL, Jr. (Seattle): One of the things you 
will notice is the frequency of the enterocolitis. 

We studied this in Seattle a number of years ago and came to the 
conclusion that the enterocolitis before repair, could possibly have been 
due to an enlargement of the bowel chronically with obstruction of the 
drainage of the veins and the | ymphatics and loss of fluid into the bowel. 
This would clearly describe this thing preop. However. it does appear 
postop and more frequently, as was commented in their figures and in 
ours, if it had appeared preop. 

At first, I felt sure there was something in the bowel walls although | 
did section biopsies and figured it would show, but it didn't. 

It does seem as though the preoperative enterocolitis is improved by 
relief of the partial obstruction which this disease is, but | wonder if Dr. 
Swenson does have a better suggestion as to the cause and why it 
continues to dog these patients subsequently. 


DR. Mark M. RavicH (Pittsburgh): I hope this dry, statistical, 
computer designated, brutally frank review of complications doesn't 
obscure for this sophisticated audience the fact that this is a historic 
milestone. 

There are not many times in the history of surgery when a fatal 
disease is analyzed by clinicians and studied in the laboratory, who 
immediately arrive at a successful clinical solution and then carry that 
through for a lifetime study and now present in very low key the 
negative aspects of this enormously successful experience. 


DR. ORVAR SWENSON (Closing discussion): Regarding low lesions and 
the possibility of doing a sphincterectomy or sphincterotomy on them. 
you know, if you look back on your publications over the years, you'd 
like to eradicate some of them. One of them is a paper that we had on 
sphincterotomy. 

It simply has not worked out as well as we thought it would and our 
enthusiasm has waned. We really feel that you should not resect the 
very young patients. 

We have seen identical twins with the disease. We've also seen one of 
identical twins with the disease, and I’m as mystified as others about 
this and so are the genetic people that we've talked to. 

For years I've thought enterocolitis was due to obstruction, partial 
obstruction. However, if we look at some of our data in detail we find 
that babies who had a colostomy in the first few days of life and had 
adequate colostomies, went on and developed enterocolitis. So I'm less 
sure that interluminal pressure has much to do with this. 

I believe these children have another defect and I would surmise that 
it’s in the area of resistance to enteric infections. This is something very 
hard to document. 

I think we must consider the associated enterocolitis as an additional 
disease such as Downs' syndrome in 596 of these patients and they 
certainly have this pre and postoperatively. It's a most devastating 
disease and we've had very sudden deaths. Children have been pul to 
bed perfectly well and found dead in the morning. 













Operative Indications 


Fifty-two premature, low birth weight infants presented mainly in 

the first week of life with sudden manifestations of intestinal ileus 

and an x-ray picture of pneumatosis intestinalis. Twenty-two of 32 

patients treated with gastric decompression, antibiotics, intensive 

supportive therapy and intravenous hyperalimentation survived. 

Twenty other patients had progression of their disease and re- 

quired operation. Twelve of these patients survived. Review of 
this material indicated that some medically treated patients might 
have survived if they had been operated upon. Indications for 
operation included free perforation and clinical signs of deteriora- 
tion. Abdominal physical findings and x-rays were not reliable 
except as signs of far advanced pathology. Confirmation of ascites 
by paracentesis and gram stain of fluid was helpful when present. If 
patients were adequately treated and then developed sudden 
hyponatremia or progressive acidosis, they invariably had gan- 
grenous bowel and required operation. The most striking finding 
was that a sudden, profound drop in the platelet count to levels 
below 100,000 reliably predicted the presence of gangrenous 
bowel and the need for operation. Other clotting studies indicated 
that disseminated intravascular coagulation is an important ac- 
companiment of NNE with the complication of bowel gangrene 
prior to perforation. Gastrostomy and resection of involved bowel 
with staged anastomosis proved to be the most successful form of 
surgical management. Overall survival was 66 per cent. 


TT CLINICAL and pathological features of neonatal 
necrotizing enterocolitis (NNE) were described in 
1891 by Genersich, but in succeeding years apparently 
the same entity was described as functional ileus, 
idiopathic perforation of the colon and colonic perfora- 
tion due to exchange transfusion to name just a few? In 
1964 Berdon, Barlow, Santulli and their group at Colum- 
bia University first noted an increase in the incidence of 
this disease and then took the opportunity to accurately 
describe the clinical manifestations of a single entity 
which they called necrotizing enterocolitis.' 

They described the typical subject as a low birth weight 
infant who had undergone significant stress at the time of 
or immediately following birth. Others have stressed the 
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occurrence of an hypoxic episode as the main feature 
common to all those with the disease." These infants 
then appear to have no gastrointestinal problems for the 
first few days and even began enteral feedings, but 3 to 10 
days following birth they may present with a clinical 
picture of sepsis with intestinal ileus, gastric retention, 
bilious emesis, abdominal distention, and bloody stools. 
Lethargy, apneic spells, hypothermia and circulatory col- 
lapse follow rapidly. 

It is clear that some infants are capable of recovering 
from apparently severe enterocolitis with supportive 
therapy alone while others will require surgical interven- 
tion. However. selection of subjects for operation has 
been difficult since the presence of physical findings has 
proven to be unreliable in tiny infants or, at best, a sign of 
far advanced pathology. This report describes a plan of 
management for such infants with an analysis of criteria 
indicative that surgical intervention is in order. 


Clinical Material 


During the last five years approximately 2,000 infants 
were admitted to the Vanderbilt Neonatal Intensive Care 
Unit and 52 of these or 2.5 per cent were considered to 
have NNE on the basis of postmortem or operative in- 
formation or clinically on the basis of a combination of 
physical signs plus radiographic findings of pneumatosis 
intestinalis (Fig. 1). Infants suspected of having this prob- 
lem but who did not fit all of the above criteria, even 
though treated as such, were not included in this review. 


Treatment Protocol 

Although some aspects of treatment have changed over 
the last several years, the essential features have been the 
same. All infants suspected of having NNE are followed 
jointly by the neonatology and pediatric surgical teams. 
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FIG. 1. The abdominal 
radiograph on the left dem- 
onstrates typical findings 
of extensive Collections of 
intramural intestinal] gas 
and gas in the Portal ve- 
nous tree. Most of these 
findings have disappeared 
24 hours later as seen in the 
radiograph on the right. 
Now increased amounts of 
Peritoneal fluid can be 
seen. 


*Travasol kindly supplied by Travenol Laboratories. Morton Grove. 
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physiologic deterioration as indicated by the various 
laboratory Studies mentioned above. 


Results 


more of the following findings: premature rupture of 
membranes, severe meconium Staining of amniotic 


Initial symptoms and signs included sudden tempera- 
ture instability, usually hypothermia. ileus with gastric 
retention, vomiting of bilious and/or guaiac Positive 
material, 


. hyper- 
bleeding became 

evident. 
Prior to the onset of symptoms five infants had ex- 
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of deterioration due to bowel necrosis. Metabolic 
which continued longer than 4 hours despite 





ints With NNE 





TABLE |. Platelet Counts in Infe 






































Status Number of Avg. Platelet Count in acidosis 
Patients Count 6 hrs appropriate therapy in 6 infants was also an accurate 
indication of clinical deterioration. Over half the infants 
Gangrenous bowel 15 74,000 Fell | : : : 
Recovered > 130,000 Rose demonstrated some findings suggestive of disseminated 
Recovered 8 260.000 No change intravascular coagulation. A sudden drop in platelet 
count or lengthening of the PTT or PT which worsened 


lways correlated with bowel gan- 
Serial platelet counts per 





Parti: astin í ; ymbin times pari d the platelet . 
Ps ROREM rer ee times parallele p over a 6 hour perio dm 
grene and/or perforation. 

change transfusions because of hyperbilirubinemia. In formed in 15 patients with gangrenous bowel ranged from 
five instances the first sign noted was sudden circulatory 5.000 to 126,000 and usually followed a fall of 150,000 or 
collapse. tight abdominal distention and obvious evi- greater. On followup two demonstrated an increase in 
dence of an intra-abdominal catastrophy. platelet counts from 130,000 to 160,000 and 132,000 to 
Thirty-one patients OT 60% had the first sign of NNE 239,000 respectively, and both recovered without opera- 
within the first five days of life. Fifteen infants had their tion. These findings occurred in patients who had no 


first symptoms between 6 and 10 days and only 6 had the other obvious cause for a fall in the platelet count. PTT 
and PT prolongation were noted in 10 patients and paral- 


onset between 15 and 30 days following birth. 

Although physical examination Was performed care- leled the findings of the platelet counts. 
fully on a serial basis. this did not prove to be a reliable 

guide with respect to selecting patients for operation. 

Tenderness was minimal in some patients with perfora- Results of Treatment 


tion, and impressive in others who responded well to 
supportive therapy. Redness and edema of the abdominal Thirty-two patients Were treated intensively as de- 


wall indicated pathology requiring operation in two in- scribed above. Twenty-two Or 69% survived. Ten pa- 
stances but was also present in an infant who recovered tients died. It was elected not to operate on two of these 
without surgery. 10 because of irreversible central nervous systern dam- 

age; four died while on medical therapy and might have 
been helped by operation. One of the survivors required 
operation at two months of age because of stenosis of the 
splenic flexure of the colon. The remainder of this group 


and the child who required repair of colonic stenosis 
recovered without incident. 













































Supportive Therapy 


Radiologic Findings 


Abdominal x-rays on all patients demonstrated intesti- 


nal distention, and varying amounts of intramural intesti- 
nal gas were noted in 45 instances. Pneumatosis generally 
cleared within 72 hours. Gas within the intrahepatic por- 
tal venous tree was noted in 6 instances (Fig. 1). Portal l 

vein gas indicated extensive bowel involvement in three Operative Therapy 
patients who required operation and one who died on Twenty patients eit 


supportive therapy, but it was also present in two infants demonstrated signs of 
who recovered without surgery. The latter finding was tive regimen. These patients had more extensive disease 


transient in all 6 patients and cleared within 18 hours in and were more seriously ill than the group treated with- 
all. Pneumoperitoneum was seen in 8 patients. Apparent out operation. Twelve or 60% survived. Two of the 8 who 
progressive generalized or localized collections of intra- died following operation had involvement of essentially 
abdominal fluid were noted in 5 patients. Paracentesis the entire gastrointestinal tract and were not amendable 
was performed in 3 of these 5 infants and bacteria were toO surgical therapy; one of these latter patients had a 
found on smear in two; this was an accurate indication second laparotomy within 12 hours without success. The 
that operation was needed. Barium contrast studies were other 6 who died were operated upon late in the course of 
not performed and were felt to be contraindicated. their disease and might have responded had operation 


been performed earlier. 
Two of the 8 patients who died had uncontrollable 


Forty patients had sufficient numbers of serial labora- bleeding due to disseminated intravascular coagulation. 
tory determinations to be helpful. Anemia occurred in Two of the operative survivors also had severe bleeding 
most patients but did not indicate that a change in therapy but responded to administration of platelets and ex- 
was in order. A sudden drop in serum sodium indicated change transfusion with fresh blood. 

that sepsis with significant third space fluid loss was in Three infants had resection with anastomosis and tw« 
progress. This occurred in two patients already on sup- had anastomotic leaks. The remaining 17 patients all hac 
portive therapy and it was accurately construed as a sign resection with exteriorization. Gastrostomy was gener 


her presented with perforation or 
deterioration while on the suppor- 


Laboratory Findings (Table 1) 
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ally performed in addition. Reanastomosis was per- 
formed in survivors from 2 to 10 months later. 


Pathology 


Information related to extent of disease was available 
in 30 patients on the basis of postmortem or operative 
data. Necrosis of the entire colon and such extensive 
amounts of small intestine as to be incompatible with life 
was the case in 5 infants. Four infants had necrosis of the 
entire colon and short segments of terminal ileum, and 
the remainder had cecal, ileocecal or right colonic ne- 
crosis with occasional segmental small intestinal necrosis. 
The gross and microscopic findings in involved bowel 
were typical of NNE as described by Santulli and his 
group." 


Cultures 


Cultures of stool, blood and/or peritoneal fluid which 
appeared to correlate with the pathologic process were E. 
coli, Aerobacter-Klebsiella, and Pseudomonas, in the 
majority, Staph. aureus in three instances along with E. 
coli, and Clostridium species in one instance. 


Comments 


NNE, a common disorder of the low birth weight in- 
fant, has proven to be highly lethal in several series 
reported. Recent reported survivals ranged from 22 to 
73% 8820-11 Overall survival in this series was 66%, but 


survival over the last two years has been 80%. 

The marked increase in the number of reported cases 
has paralleled the rapidly increasing survival of low birth 
weight infants in neonatal intensive care units around the 
world. Technological improvements have provided such 
small subjects an opportunity to survive long enough to 
develop the disease. For example, such cases were rarely 
recognized at our medical center prior to 1967 whereas 52 
instances have been encountered over the last 5 years. 
We have also treated a large number of infants who 
displayed some but not all of the characteristic findings of 
NNE. Although these probably represent early instances 
of the disease, these cases are not included here. 

The precise etiology is unknown but it seems likely that 
neonatal asphyxia, hypoxia, hemorrhage, endotoxema or 
shock from any such factor may result in diminished 
splanchnic flow, focal mucosal necrosis, invasive bacte- 
rial proliferation and transmural gangrene. Exchange 
transfusion techniques may result in altered portal flow in 
infants with a closed ductus venosus. Also it may well be 
that the patent ductus syndrome of premature infants 
contributes to splanchnic flow abnormalities in the first 
week of life since many of these infants develop NNE. 
The fact that the colon and terminal ileum are the most 
common and most severe sites of involvement tends to 
implicate bacterial factors as well as flow factors since 
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flora is more profuse and blood flow more peripheral in 
these areas than elsewhere in the GI tract. E. coll, 
Aerobacter-Klebsiella, and Pseudomonas were the main 
organisms encountered and are capable of producing gas. 
The bacteria appear to come from the patient's own flora 
entering the bowel wall and blood stream through altered 
gut mucosa. Virnig studied the epidemiology of this dis- 
ease since it appeared to occur in sporadic outbreaks but 
no transmissible cause could be implicated. In another 
study Hill and coworkers presented data implicating a 
resistant strain of Klebsiella which was found in a large 
group of infants in their nursery where the incidence of 
NNE was high at that time? The possible deleterious 
effects of hyperosmolar and artificial milk feedings as a 
stimulus to dumping and altered flow have also been 
questioned. No doubt multiple factors are involved. 

It is clear that many infants who develop NNE with 
pneumatosis are capable of complete recovery without 
operation. In fact, 40% of our patients did recover with- 
out surgery. We operate on fewer infants than we did 
previously with better results, and others have reported 
similar experience. On the other hand, methods of sup- 
portive care have improved. Such infants receive no en- 
teral feedings for two weeks or longer, and total paren- 
teral nutrition has added significantly to their well-being. 
Patients such as these with bacteremia would be ex- 
pected to require increased utilization of glucose at the 
same time they had impaired gluconeogenesis.’ Also. 
rapid repletion of red cell and plasma volume using ap- 
propriate vascular monitoring and maintenance of normal 
acid-base and electrolyte status has been helpful. 

However, despite the excellence of supportive care. 
the pathologic process will progress in some subjects and 
operation will provide the only opportunity for survival. 
Free perforation is an absolute operative indication but 
the ideal is to select patients who have not yet perforated 
before they develop signs of pneumoperitoneum or à 
localized abscess. A few patients may recover but de- 
velop stenosis in areas which had marginal blood supply.' 

Repeated physical examination of the abdomen was 
not a dependable early indication that operation would be 
needed. At best, it was occasionally an indication of 
far-advanced pathology. Abdominal tenderness was 
equivocal and redness of the abdominal wall occurred too 
infrequently to be helpful. 

Serial x-rays of the abdomen were relatively helpful. 
Pneumatosis generally cleared within 72 hours in those 
who recovered without operation. Portal vein gas was a 
sign of extensive disease in four infants who needed 
operation but was also present in two who recovered. 
Others have reported a higher incidence of porta! 
pneumatosis but it did not occur often enough in this 
series to be a reliable guide. Evidence of localized or 
generalized abdominal fluid occurred infrequently but 
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when combined with paracentesis accurately predicted 
the need for operation. 

Sudden hyponatremia and metabolic acidosis indicated 
deterioration. If these abnormalities did not respond to 
appropriate therapy within four hours in patients when 
first seen or if they occurred in adequately treated pa- 
tients already on therapy, operation was generally 
needed. 

The most striking finding was related to the course of 
the platelet count and the PTT. Modest falls in platelet 
counts to a level above 100,000 without further fall and 
modest prolongation of the PTT did not indicate a need 
for operation. However, platelet counts which fell below 
100,000 or which continued to fall from higher levels over 
a period of hours were invariably associated with gan- 
grenous bowel. The PTT data were similar to the platelet 
findings. It may be that gangrenous intestine releases 
sufficient tissue thromboplastin to initiate clotting and 
utilization of platelets. Similarly intravascular gas may 
produce thrombotic effects because of altered 
hemodynamics.’ Finally, excessive binding of platelets 
with endotoxin may result in platelet injury and loss. 
Regardless of the causal relationship, profound, sus- 
tained falls in the platelet count which could not be ex- 
plained on another basis reliably predicted that gangrene 
with or without bowel perforation had occurred. 

The surgical experience gained with these patients 
would indicate that exteriorization resection and anas- 
tomosis after a few months is likely to be the best ap- 
proach. Anastomosis of potentially compromised bowel 
has been hazardous in our experience. Precise evaluation 
of the vascular status of the intestine in these patients is 
difficult, and the late occurrence of stenosis, especially in 


DISCUSSION 


Dr. THOMAS V. SANTULLI (New York): Dr. O'Neill and his group, 1 
believe, have made an important contribution to this knotty problem of 
surgical indications in these desperately ill infants. They are to be 
congratulated for their excellent overall results. 

The role of surgical intervention in this disease has been unclear. 
Pneumo-peritoneum or peritonitis resulting from perforation but with- 
out free air are clearcut indications. However, a decision to operate on 
the basis of progressive clinical deterioration may be very difficult. 

Dr. O'Neill has placed emphasis on the development of metabolic 
acidosis, sudden hyponatremia and abnormalities in blood coagulation 
in these infants, as more objective evidence of intestinal gangrene, than 
the clinical examination which is so frequently unreliable in these very 
sick and small infants. I think this is an important contribution. 

But, I would hasten to point out that these infants are usually suffer- 
ing with many other problems as well. They may have hyaline mem- 
brane disease with periodic apnea, hyperbilirubinemia, and, especially 
sepsis, all of which or any one of which could account for some of these 
abnormal parameters. Hence, they must be evaluated in conjunction 
with the clinical picture. 

Although we have had difficulty in interpreting most of the blood 
clotting parameters in the very young premature infant, the one reliable 
value is the platelet count since anything under a 100,000 is clearly 
abnormal, even in the tiniest premature infant. 
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the distal colon, is another reason to stage the anas 
tomosis.’ 
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In this regard, our data do not totally support Dr. O'Neill's conclu- 
sion that a drop in platelet count below a hundred thousand is indicative 
of intestinal gangrene and therefore requires operation. In 26 of our 69 
patients whose platelet counts were under a hundred thousand, 20 died, 
six survived. In three of the survivors, no operation was done. They 
were managed on the type of intensive, aggressive, medical regimen 
that Dr. O'Neill has shown you. Their severe thrombocytopenia was on 
the basis of gram negative sepsis; they did not have gangrene of the 
intestine. 

Finally, I wish to discuss the prophylaxis which 1 think is eminent in 
this very serious problem in the newborn infant, The laboratory data is 
quite convincing. It now remains to be documented in the human 
subject and a good deal of information is beginning to filter in. 


Very briefly, in our laboratory, my resident, Barbara Barlow, was 
able to produce the disease in newborn rats which were made hypoxic. 
Three separate litters were used. One was contaminated by the envi- 
ronment, the second by introduction of an inoculum of klebsiella by 
mouth soon after birth, and the third by the transvaginal route in the 
mother about 24 hours before delivery. These were all split litters. 


One group was allowed to feed on the mother's breast; another group 
was fed simulated breast milk formula which we had tried in many 
preliminary experiments. 

None of the newborn rats that were fed breast milk developed the 
disease. whereas all that were fed the formula died two to five days later 
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of enterocolitis, with 
infant. 

In the formula group, all rats that were contaminated by the environ- 
ment had heavy growth of E. coli in their stool and in the postmortem 
peritoneal cultures and those that had been contaminated with klebsiella 


had heavy growth of klebsiella in their stool and in the postmortem 
peritoneal cultures. 


In the breast fed group, 
E. coli or no growth at all. 


(Slide) The total protection offered is shown in this schema of the 
pathogeneis of enterocolitis. In the newborn rat it comes about by the 
host resistance factors in the breast milk and by its control of the enteric 
flora. There is repair at a stage when there was already mucosal damage 
by auto-digestion, whereas in the formula fed there is overgrowth of 
gas-forming bacteria and then the sequence of pathologic events going 
on to necrotizing enterocolitis. 

It's too early to be sure that this isa 
own feeling that it will prove to be sO. 
can 
been outlined by 


tions by such sophisticated and 


similar findings as those seen in the newborn 












Stool cultures either had a light growth of 












preventable disease, but it is my 
However, until such time as we 











Dr. R. KENNEDY GILCHRIST (Chicago): I am reminded of the fact that 
the agricultural community is well aware of this kind of problem. The 
most important thing in keeping your baby pigs or your baby calves 
from dying from scours and so forth is to see that they get the mother's 
colostrum in the first half-hour and if they do not get this, you may lose 
half of these young immediately. 

The most important 
the first secretion of 











should be given the colostrom, by bottle if need be, 
Colostrom can be preserved by refrigeration for some time. 







DR. HARRY H. LEVEEN (Brooklyn): As I listened to Dr. O'Neill's 
presentation and Dr. Santulli's comments, I thought that perhaps some 


of the work that we're doing in the laboratory might have some signifi- 
cance in this respect. 


We have found that 










a uremic colitis. If we immunize these dogs to uriase so that no am- 
monia is formed, this colitis does not form. Also, we are unable to 
produce ulcerative colitis in the guinea pig with carragheenum that is 
immunized to uriase. 

Furthermore, if we study the turnover rate, which we have done with 
tritiated thymadine of colonic mucosa, we find that in the uriase 
immunized animal the chronic mucosal cell lives twice as long as it 
does in the normal animal. In other words, it approaches the bacteria- 
free animal. 

Perhaps it is not merely the anoxia, but the diminution of renal blood 
flow, the elevation of blood urea nitrogen, and since 2092 of all body 
urea turns itself over in the colon, in a 24-hour period, the excessive 
formation of ammonia in the colon might well account for this particular 
syndrome. It might be wise either to treat these patients with exchange 
resins or to acidify their colonic tract with polyachroic acid. The reason 
for this is that the ammonia per se is only toxic in the form of NH-3 and 
the pH for this reaction is 9.1. 

If one acidifies the colonic mucosal content, one raises the OXygen 
content by shifting the oxyhemoglobin dissociation curve. Also one 


reduces the toxicity of the ammonia by putting it in the form of am- 
monium instead of NH-3. 











DR. THoMas K. HUNT (San Francisco): Perhaps it is worth reminding 
this audience that many of the advances in surgery are put forward for 
us by basic scientists. One of the great revolutions in basic science at 


the moment is occurring in the field of white cell physiology, particu- 


kill bacteria. At least five Or SIX 
identified. 


larly in the manner in which white cells 
separate mechanisms have been 
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Today, we tend to emphasize those which pivot on immune 
mechanisms and tonight, of course, the association of breast feeding 
and immunity to infection tends to focus our attention still closer to 


immune mechanisms. We tend to neglect the importance of so-called 
"natural immunity." 


One of the more powerful, potent and important means by which 
white cells kill bacteria depends on conversion of atmospheric oxygen 
to high energy derivatives by the white cell which then modify the 
bacterial! cell wall and set it up for killing. In this particular case. 
klebsiella, Staphylococcus aureus, and some other bacteria which we 
identify as causing enterocolitis, causing wound infections and so forth, 
are those which cannot be killed well by white cells in the absence of 
oxygen. One of these papers points to hypoxia as contributing to infec- 
tability but the discussion points toward antibodies. 


When one adds an immune defect to an opsonization defect, one then 
has paralyzed at least two of the major killing mechanisms. No doubt, in 
this disease just as in most infectious diseases, there are multiple, 
additive factors which depress resistance. When two or more resistance 
factors are impaired, we have a child who is in trouble. | fail to see any 
real conflict between the various views expressed here, 


Dr. James A. O'NEILL. JR. (Closing discussion): With respect to Dr. 
Hunt's comments, they are very well taken and well-directed. Certain- 
ly, these are areas we need to look into. One additional point that might 
be made with respect to speculation that there might be poor neutrophil 
function and even poor intracellular killing in these infants, would be 
the fact that infants in the range of three to four pounds potentially have 
poor immunologic function and response anyhow, This may be an 
additive factor over and above the physiologic problems of hypoxia on 
the cellular level and poor white cell function on that hasis. 


Dr. Le Veen, I' m afraid you have thoroughly overwhelmed me with 
organic chemistry. Certainly this is something that we should examine 
more closely. I'm afraid I would have to know a bit more about the 
details of the pathology of your preparation in comparison with the very 
well known details of pathologic features of necrotizing enterocolitis, 
pneumatosis and the like. I believe the model you are referring to is 
different. 

Dr. Gilchrist, none of these infants received breast feeding initially. 
This is a disease of neonatal intensive care units whereby these very 
tiny infants are taken from their mothers, placed in isolated atmo- 
spheres on respirators and the like and thus don't get that kind of 
feeding. However, virtually all of them have received some enteral 
feedings. Most were not the true hyperosmolar type which is known to 
cause difficulty, but most of the feedings were slightly hyperosmolar. 


Finally, Dr. Santulli, thank you, very much, for your gracious re- 
marks, especially since you and your group described the syndrome. | 
was reminded of something that Dr. Cope said in a Surgical Forum 
session I participated in several years ago. He was talking about shock 
and said, "Well, you know, it's a very complicated business. All you 
fellows are trying to look at one feature and really you're going to have 
to spend a lifetime looking at many" I suspect this is a similar situation. 


The question about why platelets decrease is a good one. I would 
hasten to add that I was very careful to say that sudden decreases in 
platelet counts correlated with gangrenous colon in this particular group 
of patients. I didn't say that the gangrenous colon caused the decrease 
in platelets although it might very well have. For example, gangrenous 
colon might very well be releasing tissue thromboplastin and initiating 
clotting, but by the very same token, intravascular gas collections 
which we know occur may induce thrombosis and utilization of clotting 
factors as well. 

Finally, gangrenous colon has to be associated with Sepsis, toxemia 
and the well-known phenomenon of binding and loss of platelets as 
shown by Roger DesPrez at our own institution in Nashville several 
years ago. 

Breast milk may be helpful. We note that many of our infants have 
severe and prolonged malabsorption defects in the postoperative period 
which is an entirely different story. We have given breast milk, as Dr. 
Santulli's group has, as a prophylactic measure, but are now also using 
this in the postoperative period as a therapeutic measure giving some- 


thing which is essentially isosmolar if you will, and it appears to be 
helpful. 
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Ninety-three postoperative patients | day to 13 years of age had 

blood cultures, limulus lysate assay, determination of fibrin deg- 

radation products, white blood cell and platelet counts. Seven 
groups were studied. The limulus lysate assay was often positive 
(64%) in the presence of gram negative septicemia but there were 
false positives and negatives. The tests for fibrin degradation 
products were inconsistent. The white blood cell count was low in 
babies with gram negative septicemia. One hundred per cent of 
the infants with gram negative septicemia had a platelet count 
below 150,000; 71% below 100,000 (average 67,000 septic babies, 
257,000 non-septic babies). The drop in platelet count with gram 
negative septicemia was abrupt—as much as 222,000 in 24 hours. 
Platelets increased when therapy was effective. Two children with 
gram negative septicemia had platelet counts of 50,000 and 
20,000. The platelet count for patients with gram positive sep- 
ticemia was 299,000, and above 150,000 in all children with 
ruptured and non-ruptured appendicitis and major surgery with- 
out gram negative septicemia. It was concluded that serial mea- 
surements of platelet count in the postoperative infant and child 
was a rapid and reliable method for early detection of gram 
negative septicemia and changes in platelet count in response to 
treatment was an indicator of the effectiveness of therapy. 


G- NEGATIVE SEPTICEMIA is a frequently fatal com- 
plication threatening the newborn and infant surgical 
patient. There are multiple factors contributing to the 
apparent increased frequency of septicemia. With the 
advances in perinatal medicine, the availability of highly 
trained personnel, and regional newborn centers, many 
small premature infants suffering from severe problems 
are surviving. This has resulted in a population of high- 
risk and debilitated patients with reduced humoral and 
cellular defenses to infection. The common use of in- 
travascular catheters for monitoring and endotracheal 
tubes and ventilators for the therapy of respiratory dis- 
tress has increased the infant's exposure to bacteria. 
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Large regional neonatal centers congregate many infants 
suffering from a variety of septic and non-septic condi- 
tions into one large unit. This allows multiple oppor- 
tunities for cross contamination. With sophisticated med- 
ical technology came increased physical contact between 
the baby and medical personnel. Physicians of many dis- 
ciplines, laboratory technicians, teams of nurses, X-ray 
technicians, geneticists, computer analysts, electronic 
technicians, and social workers flow in and out of new- 
born special care units. The widespread use of total in- 
travenous nutrition introduced a long-term intravascular 
foreign body and infusions of concentrated sugar solu- 
tions, a combination that intensifies the danger of blood- 
stream infection. The common practice of administering 
multiple antibiotics to high-risk patients has led to the 
emergence of resistant bacterial strains in many centers. 
Three years ago, following the development of our 
regional newborn center, we became alarmed by the seri- 
ous threat that gram negative septicemia posed to our 
postoperative newborn and infant patients. As a result, 
we began a prospective study to: 1) determine a simple, 
rapid method for early detection of gram negative sep- 
ticemia; 2) develop a technique that would monitor the 
effectiveness of therapy and 3) attempt, through a study 
of pediatric surgical patients, to gain insight into the 
pathophysiology of gram negative septicemia. 


Material and Methods 


Ninety-three infants and children, varying in age from 
one day to 13 years, were studied over a three-year 
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period. We chose to evaluate 5 laboratory tests: the 
limulus lysate assay, staphylococcal clumping and pro- 
tamine sulfate tests, white blood cell count and platelet 
count. The limulus lysate assay'? was used to detect 
circulating endotoxin. Fibrin degradation products were 
measured by the staphylococcal clumping*!? and the pro- 
tamine sulfate tests? White blood cell count and platelet 
count were measured using an electronic counter? In 11 
babies who developed gram negative septicemia, daily 
platelet counts were done from admission to discharge. 
Blood cultures were drawn on all patients by sterile ven- 
ipuncture. The blood was added to a media of liquid 
brain/heart infusion. The cultures were incubated aerobi- 
cally at 37 C and examined twice daily. All cultures were 
subcultured at 24 hours, 96 hours and 10 days. 


Seven groups of patients were studied. 

Group 1 was comprised of babies with gram negative 
septicemia. (Table 1) There were fourteen patients. All 
had major surgery and positive blood cultures for gram 
negative organisms. 

Group 2 was comprised of babies with no evidence of 
septicemia or infection. There were 22 infants who had 
major surgical problems similar to Group 1 and negative 
blood cultures during the time of the study. None of the 
patients had clinical evidence of infection. 

Group 3 was comprised of children with gram negative 
septicemia. There were only two patients, postoperative 
major surgical operations, with positive blood cultures 
for gram negative organisms. 

Group 4 was comprised of children with no evidence of 
septicemia or infection. These 20 children had major 
trauma or surgical procedures and were studied within 24 
hours of their injury or operation. All had negative blood 
cultures and no infectious processes. 

Group 5 was comprised of children with ruptured 
appendicitis. Fourteen children were studied within 12 
hours of operation. Ruptured appendicitis was confirmed 
at operation. All patients had negative blood cultures. 

Group 6 was comprised of children with non-ruptured 
appendicitis. Five children were studied within 6 hours of 
operation for acute appendicitis. All blood cultures were 
negative. 

Group 7 was comprised of infants and children with 
gram positive septicemia. These 5 babies and children had 
major operations and positive blood cultures for gram 
positive organisms. 

The infants and children with major operations, but 
negative blood cultures and no evidence of infection 
served as non-septic controls. The children with ruptured 
and non-ruptured appendicitis without a positive blood 


*Staphylococcal clumping test, Sigma Chemical Company, St. Louis, 
Missouri 63178. 


DIAGNOSIS OF GRAM NEGATIVE SEPTICEMIA 


TABLE l. Diagnosis 
Group I Group I 
Babies with gram 
Negative septicemia Babies without infection 
Necrotizing Enterocolitis 7 Necrotizing Enterocolitis 
Gastroschisis 3 Gastroschisis 
Bowel Obstruction | Bowel Obstruction 
i 
| 
i 


reason adie 


Pyloric Obstruction Pyloric Stenosis 

Wilms’ Tumor Wilms' Tumor 

Gangrene of Leg Malrotation 
Tracheoesophageal Fistula 
Liver Resection 
Perforated Ulcer 
Imperforate Anus 
Neuroblastoma 
Incarcerated Hernia 
Diaphragmatic Hernia 
Polycystic Kidney 
Omphalocoele 
Meconium Aspiration 
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culture were studied to determine the effect upon the 5 
tests of inflammatory and infectious processes without 
septicemia. The data from patients with gram positive 
septicemia were analyzed to determine the effects of 
gram negative in contrast to gram positive septicemia. 


Results (TABLE 2) 


Groups l and 2: Infants with and without gram nega- 
live septicemia 

General data. The average age of the babies with sep- 
ticemia was 61 days and 7 of these infants were under one 
month of age. The non-infected babies had an average 
age of 62 days; 15 of these were under a month of age. 
Ten of the babies with septicemia and 12 of the non- 
infected babies were boys. There were predominantly 
three organisms grown from the bloodstream, Es- 
cherechia species, Klebsiella and Pseudomonas 
aeruginosa. 

Limulus Lysate Assay. Nine of the babies with positive 
blood culture for gram negative bacteria (6495) had a 
positive limulus lysate assay. Four of the babies without 
a positive blood culture (19%) had a positive assay. 

Fibrin Degradation Products. Fifty per cent of the in- 
fants with gram negative septicemia and 1996 of the non- 
septic infants, had a positive staphylococcal clumping 
test. Fifty per cent of the babies with infection. 27% of 
the nonseptic babies had a positive protamine sulfate test. 
However, 11 of 14, or 79%, ofall babies with gram negative 
septicemia had at least one positive test for fibrin degrada- 
tion products. On the other hand, 7 of 22, or 32%, of all 
babies with negative blood cultures, but major operations, 
had at least one test positive for fibrin degradation products. 
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TABLE 2. Results 
Infant Child Appendicitis 
Gram Gram Gram 
Negative Non- Negative Non- Non- Positive 
Septicemia Septic Septicemia Septic Ruptured ruptured Septicemia k 
No. 14 22 2 20 14 5 
6 days through 
Av. Age 61 days 62 days 7.5 yrs 8.075 yrs 9.7 yrs 11.2 yrs 4 yrs 
% Pos Blood 
Culture 100 0 100 0 0 0 100 
96 Pos 
Limulus Assay 64 19 50 0 14.3 0 0 
95 Pos Staph 
Clumping 50 19 100 11 0 20 0 
% Pos Protamine 
Sulfate 50 27 50 35 65 20 100 
WBC 8,596 14,485 22,250 12,715 13,000 10,700 18,700 
Platelet Count 67,393 257,394 35,000 323,800 335,857 294,400 


White Blood Cell Count. Babies with septicemia had 
an average white blood count of 8,596, with a range of 
2.050 to 29,400. Non-infected babies had an average 
white blood count of 14,520, with a range of 7,800 to 
35,000. Forty-two per cent of the babies with positive 
blood cultures had a white blood count below 5,000; 
while none of the babies with negative blood cultures had 
a count below 5,000. The white blood count was signifi- 
cantly lower in the babies with bloodstream infection 
(P « 0.05). 

Platelet Count. Babies with gram negative septicemia 
had a significantly lower platelet count than non-septic 
infants (P< 0.001). The babies with positive blood cul- 
tures had an average platelet count of 67,393 
(S.D. = 41,500). Non-infected postoperative babies had 
an average platelet count of 257,394 (S.D. = 72,087). One 
hundred per cent of the babies with proven gram negative 
septicemia at the time of the positive blood culture had a 
platelet count below 150,000 and 7176 had a platelet count 
below 100,000. The lowest count was 11,000. None of the 
non-infected babies had a platelet count below 150,000. 

Groups 3 and 4: Children with and without gram nega- 
tive septicemia 

There were only two children with gram negative sep- 
ticemia. The limulus lysate and protamine sulfate were 
positive in one of the patients, and the straphylococcal 
clumping test positive in both. The white blood cell 
counts were 25,000 and 19,500; the platelet counts 50,000 
and 20,000. 

Of the twenty children with an average age of 8.075 
years who had major trauma or operation, all had nega- 
tive blood cultures and limulus lysate assays. Eleven per 
cent had positive staphylococcal clumping tests and 35% 
positive protamine sulfate tests. The average white blood 
count was 12,715. None were below 7,000. All platelet 
counts were above 150,000. The average platelet count 
was 323,800 (S.D. = 102,000). 


299,800 


Groups 5 and 6: Children with ruptured and non-ruptured 
appendicitis 

There were 14 patients with ruptured appendicitis. The 
average age was 8.075 years. Five patients had non- 
ruptured appendicitis; the average age was 11.2 years. 
There were no positive blood cultures in either group. Of 
the patients with ruptured appendicitis, 14.3% had a posi- 
tive limulus lysate test, while none of the patients with 
non-ruptured appendicitis had a positive assay. The 
staphylococcal clumping test was negative in all patients 
with ruptured appendicitis, but there was a 64% positive 
protamine sulfate test. One of the 5 patients (2076) with 
non-ruptured appendicitis had a positive staphylococcal 
clumping and protamine sulfate test. The average white 
blood cell count in the ruptured appendicitis group was 
13,000; 11,700 in the non-ruptured group. The platelet 
count was similar in both groups—335,857 in the ruptured 
group and 294,000 in the non-ruptured group. None of the 
patients had a platelet count under 150,000. 

Group 7: Infants and children with gram positive sep- 
ticemia 

There were five patients, 6 days to four years of age, 
who had positive blood cultures for gram positive or- 
ganisms. These organisms were Staphylococcus aureus 
and epidermidis. None of the patients had a positive 
limulus lysate assay or staphylococcal clumping test. All 
had a positive protamine sulfate test. The average white 
blood count was 18,700 and none were below 7,000. The 
average platelet count was 299,800 (S.D. — 148,000). 
None were below 150,000. 

Serial Platelet Counts: 

Group 7: Eleven babies, average age 3 weeks, with 
proven gram negative septicemia had platelet counts 
from admission to discharge or death. Several observa- 
tions were made: 

1) The platelet count fell rapidly with gram negative 
septicemia (Figs. 1 and 2). The greatest decrease was 
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Fic. 1. Serial platelet count on 2-month old baby after extended right 
lobe hepatectomy. There is a marked fall in platelet count from 267,000 
to 45,000 in 24 hours with the development of Klebsiella septicemia. 


from 267,000 to 45,000, a fall of 222,000 in 24 hours. This 
patient was 2 months old and developed gram negative 
septicemia following extended right lobe hepatectomy for 
a liver tumor. Two patients had a fall of 100,000 in 12 
hours. 

2) An extremely low platelet count was not necessarily 
a grave prognostic sign (Figs. 3 and 4). Several patients 
survived whose platelet count during the course of gram 
negative septicemia fell as low as 15,000. 

3) Effective treatment of septicemia resulted in a 
gradual rise in platelet count (Fig. 4). The increase in 
platelet count was a favorable prognostic sign. Although 
platelet counts were noted to fall over 100,000 in 12 
hours, the return to over 150,000 took several days. The 
most rapid return occurred in four days and the slowest in 
16 days. The rise in platelet count tended to be irregular, 
rising and falling over the course of several days with an 
overall trend towards an increased count. 


Discussion 


The limulus lysate assay described by Levin and 
Bang" in 1964 has been used to detect gram negative 
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bacteremia and endotoxemia. The lysate from the 
amebocyte of the horseshoe crab, Limulus polyphemus, 
was found to gel when exposed to minute amounts of 
endotoxin. Levin and his associates" reported that 71% 
of patients with a positive blood culture for gram negative 
bacteria had a positive limulus test. Reinhold and Fine" 
found that concentrations of endotoxin as small as 0.002 
micrograms/ml of plasma produced a positive test. How- 
ever, only 2 of 18 patients with gram negative bacteremia 
had a positive limulus t test in a study of Martinez. 
Quintiliani and Tilton.'® Stumacher, Kovnat and 
McCabe? reported that 43% of patients with gram nega- 
tive bacteremia had a positive limulus lysate assay, but 
36% of patients with gram positive septicemia also had a 
positive assay. In a study of 89 pediatric cancer patients, 
Feldman and Pearson? found a 7% positive limulus test in 
patients with gram negative septicemia. Our study 
showed a high incidence of positive tests—64%—in pa- 
tients with positive blood cultures for gram negative bac- 
teria. None of the patients with gram positive septicemia 
had a positive assay. Four of 41, or 10%, of infants and 
children who had negative blood cultures and no evi- 
dence of infection, had a positive limulus lysate assay. 
Variability of results among investigators may stem from 
the differences in extraction and preparation of the lysate 
or contamination of the specimen during the collection or 
performance of the test. Das and Folkman? suggested 
another reason for negative limulus lysate assay in pa- 
tients with gram negative septicemia. They pointed out 
that endotoxin appears to be cleared by platelets and that 
more accurate and consistent results could be obtained 
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Fic. 2. Two-week old premature infant with necrotizing enterocolitis. 
At time of diagnosis, platelet count was normal, gradually fell over 48 
hours, then at the time of perforation, fell 100,000 in 12 hours. Positive 
blood culture at that time. 
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by performing the limulus lysate assay on the platelet 
fraction of plasma. With this technique, they obtained 
positive tests in 16 of 18 patients with gram negative 
bacteremia or localized gram negative infections. 

The limulus lysate assay in the present study had a 
fairly high degree of accuracy in detecting gram negative 
septicemia. However, there were false positives and 
negatives. The test presents practical difficulties, which 
limits its general clinical usefulness. It is not at present 
commercially available as a diagnostic test. The assay 
requires an experienced technician and precise technique 
for accurate results. 

Gram negative septicemia may produce some degree of 
intravascular coagulation without the usual clinical and 
laboratory signs of disseminated intravascular coagula- 
tion. By quantitative measurements of fibrin degradation 
products, we reasoned that early gram negative sep- 
ticemia may be detected. The protamine sulfate and 
straphylococcus clumping tests were chosen as a quan- 
titative method of detecting fibrin degradation products. 


cubic mm 


450 










400 





PLATELET COUNT x 10? 


+s 2 
sities : HD 
$ atts H 
H INN 
HNUNIEHIUS 


KLEBSIELLA + 
GANGRENE 


100 








4 8 12 16 


20 24 


TIME (days) 


Fic. 3. Two-month old infant with gangrene of the lower leg and sep- 
ticemia on admission. Platelet count was 21,000, but rose to over 
150,000 in 6 days with effective treatment. 
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Fic. 4. Newborn infant with gastroschisis developed septicemia post- 
operatively. Platelet count fell to 11,000 and then climbed irregularly 
with treatment over a period of 16 days. 


At least one of these two tests was positive in 79% of the 
babies with gram negative bacteremia, but 32% of babies 
and 35% of children with major trauma or operation had 
at least one test positive for degradation products. The 
test was also frequently positive in patients with gram 
positive septicemia. Positive tests for fibrin degradation 
products have also been noted by several inves- 
tigators*'!5?? in patients without evidence of infection or 
disseminated intravascular coagulation. There is an inci- 
dence of 17-25% positive tests in patients undergoing 
major surgery. These products have also been found in 
healthy newborn infants. It appears that tests for fibrin 
degradation products are not specific enough to serve as 
an aid in the early detection of gram negative septicemia 
in pediatric surgical patients. 

Of the tests studied, we found that the most rapid, 
simple and accurate method for the early detection of 
gram negative septicemia appeared to be serial platelet 
counts. All the infants and children with positive blood 
cultures for gram negative bacteria had a platelet count 
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belew 150,000. None of the infants or children with a sumption as part of disseminated intravascular coagula- 
negative blood culture, ruptured or non-ruptured appen- tion, since only two of 18 patients with gram negative 
dicitis, or gram positive septicemia had platelet counts septicemia had clinical or autopsy evidence of dissemi- 





below 150,000. In 1973, Beller and Douglas! also found nated intravascular coagulation and 21% of the babies 
thrombocytopenia associated with gram negative sep- with thrombocytopenia and positive blood cultures for 
ticemia. Eleven patients with abortions, negative en- gram negative septicemia had negative tesis for fibrin 
dotoxin tests and blood cultures had platelet counts degradation products. 
above 180,000. The platelet counts were below 150,000 in We believe that the following recommendations will 
7 patients that were febrile, and had bioassays positive improve the management of pediatric surgery patients 
for endotoxin. Three of these 7 patients had positive who are at high risk to develop gram negative Sep- 
blood cultures for gram negative bacteria. Corrigan  ticemia. 
studied 46 infants and children with gram positive and I) Patients at risk should be monitored by serial platelet 
negative septicemia. These patients were all suffering counts. This can be done in most hospital's clinical labo- 
from medical rather than surgical illnesses and none re- ratory, using an electronic counter. 
quired operation. Fifty-five per cent of patients with a 2) A fall in platelet count suggests gram negative sep- 
positive blood culture for gram negative bacteriaand 71%  ticemia. A source of infection should be sought and mul- 
of the patients with positive blood culture for gram posi- tiple blood cultures drawn. Removal of intravascular 
tive bacteria had a platelet count below 150,000. In con- catheters and discontinuance of total parenteral feedings 
trast, in our study, the average platelet count was 299,800 and the initiation of antibiotic therapy should be consid- 
in patients with Bram positive septicemia. None were  ered. 
below 150,000. 3) A fall in platelet count below | 50,000 is strong pre- 
Experimental evidence suggests that the throm- sumptive evidence of gram negative septicemia, If even 
bocytopenia found with gram negative septicemia is the minimal clinical signs are present, antibiotics should be 
result of interaction between platelets and endotoxin. It administered and other Steps taken to combat infection. 
























has been suggested that endotoxin reacts with platelets, 4) A rise in platelet count suggests effective therapy 
resulting in platelet aggregation. The aggregates are then for gram negative septicemia. 
trapped in microcirculation and vasoactive substances 5) A fall in or a persistently low platelet count over 





are released into the plasma. The effect of platelet mi- several days suggests ineffective therapy. Sources of 
croemboli and vasoactive substances are thought to ac- continued infection should be sought and the antibiotic 
count for some of the clinical and pathological findings in Program changed. 

gram negative septicemia. Davis, Meeker and McQuar- 
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Disseminated Intravas- 
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DISCUSSION 

Dg. BasiL A. Pruitt, JR. (San Antonio): I'd like to compliment Dr. 
Rowe and to provide some corroborative evidence that throm- 
bocytopenia may be à good index of infection in adult patients. 

In our burn patients, looking at indices of coagulation deficits, we've 
found that in those with DIC fibrinogen was low, as were the platelets. 
but that in just/infected patients, platelets also fell. We took this prob- 
lem to the laboratory and in the infected burned animal, as opposed to 
the uninfected burned animal, platelets are statistically depressed from 
the earliest postburn time on. 

We also noted as did Dr. Rowe that the fibrin degradation products 
were not definitive as a means of separating the infected from the 
uninfected burns. 

We have also studied the standard euglobulin lysis time which was 
significantly prolonged and, more specifically, we have examined a 
fibrinogen plus plasminogen clot lysis system with added thrombin. 
Findings in the infected model of a markedly prolonged clot lysis time 
are indicative of an anti-plasmin activity. 

Further evidence for anti-plasmin in the infected preparation is on the 
next slide showing the suppression of plasminogen in à streptokinase 
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activated plasminogen assay. 

1 would like to ask Dr. Rowe whether the fibrin split product levels in 
his patients rose or fell after therapy. since an increase would suggest 
the presence of an anti-plasmin activity? 

Again, | compliment Dr. Rowe on calling our attention to a rapid 
means to identify that one is dealing with a significant negative infec- 
tion. 

Dr. M. I Rowe (Closing discussion): I'd like to thank Dr. Pruitt for 
his remarks. 

We agree that the thrombocytopenia that develops as à result of gram 
negative septicemia is not a part of disseminated intravascular coagula- 
tion. 

Thirty-one per cent of the patients who had thrombocytopenia had 
negative quantitative tests, for fibrin degradation products. 

Only two of the patients with gram negative septicemia in our series 
developed DIC who had thrombocytopenia. The most chilling aspect 
was that because of the low platelet counts, we got nervous and gave 


them massive platelet transfusions and those patients rapidly developed 
disseminated intravascular coagulation and those were two of our mor- 
talities. 








Most Tumors are 
through the Sigm 


...but you have to be able to see them, first. 


Fleet' Enema helps you see them 


Spiro’ asserts that “Unless 
there is some contraindication, 
such as fulminant or bloody 
diarrhea, the bowel should be 
thoroughly cleaned before the 
examination." 

"Many different preparations 
can be used," he goes on to Say, 
ranging from the old-fash- 
ioned saline enema to a com- 
mercially prepared phospho- 
soda enema..." and “...in the 
properly prepared bowel the 
entire sigmoidoscopic examina- 
tion can be completed within 
three minutes."? 

Gentle, thorough, thoroughly re- 
liable FLEET ENEMA produces 
a clean, relaxed and mucus-free 
bowel in about ten minutes.” 


€ Works rapidly, usually within 
2 to 5 minutes 


e Cleanses the left colon and 
rectum; spares upper portions 
of the GI tract 


€ Ready to use, easy to use, 
completely disposable 


€ Unique construction regulates 
flow; prevents leakage and 
reflux 


e Soft, anatomically-correct pre- 
lubricated rectal tip helps avoid 3. 
injury to bowel wall 


— 


2. 


Contraindications: Do not use when 
nausea, vomiting, or abdominal pain is 
present. Warnings: Frequent or pro- 
longed use of enemas may result in 
dependence. Take only when needed 
or when prescribed by a physician. 
Precautions: Do not administer to chil- 
dren under two years of age unless 
directed by a physician. 
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On the surgical service... 


Clinical confidence 
earned through 


experience 


Keflin LV. 


sodium cephalothin 


2 Gm.* in 100-ml. ampoule 








The confidence 


that comes with 10 years' 


experience? 


Experience with Keflin has established a record of clinical 
effectiveness in serious skin and soft-tissue infections, 
including peritonitis, caused by susceptible strains 

of staphylococci (both penicillin-sensitive and penicillin- 
resistant), group A beta-hemolytic streptococci, 
Escherichia coli, Proteus mirabilis, and Klebsiella. 


“Equivalent to cephalothin. 
TKeflin became available for clinical investigation early in 1962 and to the profession in 1964. 


Brief Summary. Consult the package 
literature for prescribing information. 


Indications: Keflin® (sodium cephalothin, 
Lilly) is indicated for the treatment of 
serious infections caused by susceptible 
strains of the designated micro-organisms 
in the diseases listed below: 

Skin and soft-tissue infections, including 
peritonitis, caused by staphylococci 
(penicillinase and nonpenicillinase- 
producing), group A beta-hemolytic 
streptococci, Escherichia coli, 
Proteus mirabilis, and Klebsiella 


Contraindication: Previous hypersensi- 
tivity to cephalosporins. 


Warnings: BEFORE CEPHALOTHIN THERAPY 
IS INSTITUTED, CAREFUL INQUIRY SHOULD 
BE MADE CONCERNING PREVIOUS 
HYPERSENSITIVITY REACTIONS TO 
CEPHALOSPORINS AND PENICILLIN. 
CEPHALOSPORIN C DERIVATIVES SHOULD 
BE GIVEN CAUTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 


SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial cross- 
allergenicity of the penicillins and the 
cephalosporins. Severe anaphylactoid 
reactions have been reported with both 
drugs. 


Patients with allergy and hypersensitivity 


should receive antibiotics cautiously and 
only when necessary. 
Usage in Pregnancy—Safety for use 


during pregnancy has not been established. 


Precautions: Patients should be followed 
carefully to detect any side-effects or drug 
idiosyncrasy. If an allergic reaction occurs, 
discontinue the drug and treat the patient 
with usual agents. 

Although alteration in kidney functión is 
rare, evaluation of renal status is recom- 
mended. Patients with impaired renal 
function should be placed on a reduced 
dosage schedule to prevent excessive 
serum concentrations. Consult prescribing 
information. 


If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 
urine has been observed with some tests 
but not with Tes-Tape® (urine sugar 
analysis paper, Lilly). 


Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, 
elevation of temperature, reactions resem- 
bling serum sickness, anaphylaxis, 
eosinophilia, drug fever, neutropenia, 
thrombocytopenia, hemolytic anemia, 
thrombophlebitis, transient rise in SGOT 
and alkaline phosphatase, rise in BUN. 
decreased creatinine clearance, and a 
positive direct Coombs test have been 
reported. 0 
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In more than 3,00C 
a relatively low incidence 


When used as directed, there has been a relatively A relatively low incidence of 


low incidence of adverse renal or eighth nerve adverse renal reactions 
reactions with gentamicin. The risk of such 


reactions is low in patients with normal renal 
function who do not receive the drug at higher 
dosages or for longer periods of time than 
recommended. 
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A relatively low incidence 
of adverse eighth nerve 
reactions 


Proper patient management—the key to 
minimizing the risk of adverse reactions 


In serious — 
gram-negative infections** 


A logical choice 
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In serious gram-negative infections" 








Each mi. contains 


gentamicin sulfate equivalent 
to 40 mg. gentamicin 


GARAMYCIN® injectable, brand of gentamicin 
sulfate, U.S.P., injection, 40 mg. per ml. 
Each ml. contains gentamicin sulfate equiva- 
lent to 40 mg. gentamicin 

For Parenteral Administration 























































WARNING 

Patients treated with GARAMYCIN 
injectable should be under close clinical 
observation because of the potential 
toxicity associated with the use of 
this drug. 

Ototoxicity, both vestibular and 
auditory, can occur in patients, primarily 
those with pre-existing renal damage, 
treated with GARAMYCIN injectable 
usually for longer periods or with higher 
doses than recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in 
mind when it is used in patients with 
pre-existing renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy 
of patients with known impairment of 
renal function. This testing is also 
recommended in patients with normal 
renal function at onset of therapy who 
develop evidence of nitrogen retention 
(increasing BUN, NPN, creatinine or 
oliguria). Evidence of ototoxicity requires 
dosage adjustments or discontinuance 
of the drug. 

In event of overdose or toxic reactions, 
peritoneal dialysis or hemodialysis will aid 
in removal of gentamicin from the blood. 

Serum concentrations should be 
monitored when feasible and prolonged 
concentrations above 12 mcg./ ml. 
should be avoided. 

Concurrent use of other neurotoxic 
and/or nephrotoxic drugs, particularly 
streptomycin, neomycin, kanamycin, 
cephaloridine, viomycin, polymyxin B, and 
polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin 
with potent diuretics should be avoided, 
since certain diuretics by themselves 
may cause ototoxicity. In addition, when 
administered intravenously, diuretics 
may cause a rise in gentamicin serum 
level and potentiate neurotoxicity. 
USAGE IN PREGNANCY Safety for use 
in pregnancy has not been established. 


INDICATIONS GARAMYCIN Injectable is 
indicated, with due regard for relative toxicity 
of antibiotics, in the treatment of serious 
infections caused by susceptible strains of the 
following microorganisms: 

Pseudomonas aeruginosa, Proteus species 
(indole-positive and indole-negative), 
Escherichia coli and Klebsiella-Enterobacter- 
Serratia species. 

Clinical studies have shown GARAMYCIN 
Injectable to be effective in septicemia and 
serious infections of the central nervous system 
(meningitis), urinary tract, respiratory tract, 
gastrointestinal tract, skin and soft tissue 
(including burns). 

Bacteriologic tests to determine the 
causative organisms and their susceptibility 
to gentamicin should be performed. 


*Due to susceptible organisms 


Bacterial resistance to gentamicin develops 
slowly in stepwise fashion; there have been 
no one-step mutations to high resistance. 

In suspected or documented gram-negative 
sepsis, GARAMYCIN may be considered 
as initial therapy. The decision to continue 
therapy with this drug should be based on the 
results of susceptibility tests, the severity of 
the infection, and the important additional 
concepts contained in the Warning Box. 

For suspected sepsis when the infecting 
organism is unknown, gentamicin may be 
administered in conjunction with a penicillin- 
type drug. Following identification of the 
organism and its susceptibility, appropriate 
antibiotic therapy should then be continued. 
in the neonate with suspected sepsis or 
staphylococcal pneumonia, a penicillin-type 
drug is also usually indicated as concomitant 
therapy with gentamicin. 

GARAMYCIN Injectable has been shown 
to be effective in serious staphylococcal 
infections. It may be considered in those 
infections when penicillins or other less 
potentially toxic drugs are contraindicated and 
bacterial susceptibility testing and clinical 
judgment indicate its use. 


CONTRAINDICATIONS A history of hyper- 
sensitivity to gentamicin is a contraindication 
to its use. 


WARNINGS See Warning Box. 


PRECAUTIONS Neuromuscular blockade and 
respiratory paralysis have been reported in 
the cat receiving high doses (40 mg./kg.) of 
gentamicin. The possibility of these phenom- 
ena occurring in man should be considered 
if gentamicin is administered to patients 
receiving neuromuscular blocking agents, such 
as succinylcholine and tubocurarine. 
Treatment with gentamicin may result in 
overgrowth of nonsusceptible organisms. if 
this occurs, appropriate therapy is indicated. 


ADVERSE REACTIONS 

Nephrotoxicity: Adverse renal effects, as 
demonstrated by rising BUN, NPN, serum 
creatinine and oliguria, have been reported. 
They occur more frequently in patients with 

a history of renal impairment treated with larger 
than recommended dosage. 

Neurotoxicity: Adverse effects on both 
vestibular and auditory branches of the eighth 
nerve have been reported in patients on 

high dosage and/or prolonged therapy. 
Symptoms include dizziness, vertigo, tinnitus, 
roaring in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, 
and convulsions have also been reported. 
Note: The risk of toxic reactions is low in 
patients with normal renal function who do 
not receive GARAMYCIN injectable at higher 
doses or for longer periods of time 
than recommended. 

Other reported adverse reactions, possibly 
related to gentamicin, include increased 
serum transaminase (SGOT, SGPT), increased 
serum bilirubin, transient hepatomegaly, 
decreased serum calcium; splenomegaly, 
anemia, increased and decreased reticulocyte 
counts, granulocytopenia, thrombocytopenia, 
purpura: fever, rash, itching, urticaria, 
generalized burning, joint pain, laryngeal 
edema: nausea, vomiting, headache, increased 
salivation, lethargy and decreased appetite, 


weight loss, pulmonary fibrosis, hypotension 
and hypertension. 


DOSAGE AND ADMINISTRATION 
GARAMYCIN Injectable may be given 
intramuscularly or intravenously. 

For Intramuscular Administration: 
Patients with normal renal functíon* 

Aduits: The recommended dosage for 
GARAMYCIN Injectable for patients with 
serious infections and normal renal function 
is 3 mg./kg./day, administered in three 
equal doses every 8 hours. 

For patients weighing over 60 kg. (132 Ib.), 
the usual dosage is 80 mg. (2 mi.) three 
times daily. For patients weighing 60 kg. 

(132 Ib.) or less, the usual dosage is 60 mg. 
(1.5 mi.) three times daily. 

In patients with life-threatening infections, 
dosages up to 5 mg./kg./day may be 
administered in three or four equal doses. This 
dosage should be reduced to 3 mg./kg./day 
as soon as clinically indicated. 

*In children and infants, the newborn, and 
patients with impaired renal function, dosage 
must be adjusted in accordance with instruc- 
tions set forth in the Package Insert. 

For intravenous Administration: 

The intravenous administration of 
GARAMYCIN Injectable is recommended in 
those circumstances when the intramuscular 
route is not feasible (e.g., patients in shock, 
with hematologic disorders, with severe burns, 
or with reduced muscle mass). 

For intravenous administration, in adults, a 
single dose of GARAMYCIN Injectable may 
be diluted in 100 or 200 ml. of sterile normai 
saline or in a sterile solution of dextrose 
595 in water; in infants and children, the 
volume of diluent should be less. The concen- 
tration of gentamicin in solution in both 
instances should normally not exceed 
1 mg./ml. (0.196). The solution is infused over 
a period of 1 to 2 hours. 

The recommended dose for intravenous 
administration is identical to that recommended 
for intramuscular use. 

GARAMYCIN Injectable should not be 
physically premixed with other drugs, but 
should be administered separately in 
accordance with the recommended route of 
administration and dosage schedule. 


HOW SUPPLIED GARAMYCIN Injectable, 
40 mg. per ml., is supplied in 2 ml. (80 mg.) 
multiple-dose vials and in 1.5 ml. (60 mg.) and 
2 ml. (80 mg.) disposable syringes for paren- 
teral administration. 

Also available, GARAMYCIN Pediatric 
injectable, 10 mg. per ml., supplied in 2 mi. 
(20 mg.) multiple-dose vials for parenteral 
administration. 
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AHFS Category 8:12.28 


For more complete prescribing details, 
consult Package Insert or Physicians' Desk 
Reference. Schering literature is also 
available from your Schering Representative 
or Professional Services Department, 
Schering Corporation, Kenilworth, 

New Jersey 07033. 


SLS-OI6 





ās a 


How much has her rheumatoid arthritis improved? 
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Ring Size— measured in millimeters t 
swelling of finger joints 





o evaluate Walking time — determined by the number of 


seconds required to walk 50 feet 
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Grip strength — measured in millimeters o Inflammation index — arrived at by ascribing 

mercury using a rolled sphygmomanometer cuff values of 1 to 4 to degree of pain, redness, swelling, 
tenderness, and presence of joint fluid; then 
totalling five parameters 
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Ascriptin helps her get the most from aspirin therapy 


When you specify Ascriptin, you’re specifying Maalox®-protected aspirin. Ascriptin 
eases joint pain, stiffness and inflammation, while guarding against aspirin-induced 
gastric distress. That means your patient is more likely to tolerate the high dosage 
level of aspirin required to reduce arthritic - 
inflammation. Thus, the patient will stay In rheumatoid and osteoarthritis 
with an optimal dosage over an extended 

period, hopefully showing greater improve- 

ment. After all, if dosage is optimal, 

chances are that therapeutic benefits of 


Ascriptin will be, too. the Maalox“ -protected aspirin R 


WILLIAM H. RORER, INC. ||ROBER 
Fort Washington, Pa. 19034 LR 


The end of surgery 
is only the beginning... 
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*due to susceptible organi isms 


'ANCEF' Is 90% Effective in Serious Bone and Joint Infections 


ch infections as septic arthritis and osteomyelitis 
occus aureus, Ancef produced good or excellent 








In clinical studies of 30 patients with su 
due to susceptible strains of Staphyloc 
responses in 9076 of the cases. 


'ANCEF' Penetrates Bone and Synovial Fluid 


Tissue/Fluid Tissue/Fluid Level Serum Level 
(mcg/ml) (mcg/ml) 
"MET | (Sampling time) EET (Sampling time) 
Osteomyelitic 49A 302 
BONG ee leds oars a erty dee 2121559 Nm 
Osteomyelitic 35.0 26.0 
PONG ere eee eee (5hours) — hours) 
Osteomyelitic 10.2 ic NM 
BONG eee (8 hours) .-  .. — (Chic! co = 
Synovial Fluid 50 (1 hour) 85 (1 hour) 
65 (1-1/2 hrs) 78 (1-1/2 hrs) 
59 (2 hours) 53 (2 hours) 
45 (3 hours) 43 (3 hours) 
37 (5 hours) 32 (5 hours) 


(Data from indivi idual patients. All patients received 1 gram IM.J 
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'ANCEF' Offers the Convenience of Both IV and IM Administratio 


Adverse Reactions 


Adverse reactions reported with 'Ancef include pain on i injection, rash, Gil. E 


pruritus and phlebitis. Transient rise in SGOT, SGPT, BUN and alkaline phosphatase levels 


has been observed without clinical evidence of renal or hepatic impairment. 
For a complete list of adverse reactions with Ancef therapy, please see next page. 


Warning 
Cephalosporins should be given cautiously in penicillin- -sensitive patients because of 


evidence of partial cross- -allergenicity of the penicillins and the acumen ins. 
Please see the next page for a brief summary of the prescribing informatio 


m"—— Kline & French Laboratories 
vision of SmithiKine Corporation 
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meets the challenge, IVoriM 
























































Before prescribing, see complete prescribin 
literature or PDR. The following is a brief Su 
DESCRIPTION 

Ancef* (sterile cefazolin sodium, SK&F) is a semi 
cephalosporin for parenteral administration. it is the sodium sait 
of 3- if (5-methyl-1, 3. 4-thiadiazol-2-y1) thio] methyl) -8-oxo- 
7-[2-(1H-tetrazol-1 yl) acetamido]-5-thia-1 -azabicycio [4.2.0] 
oct-2-ene-2-carboxylic acid. The sodium content is 46 mg. per 
gram of cefazolin. 


ACTIONS 

Microbiology: /n vitro tests demonstrate that the bactericidal 
action of cephalosporins results from inhibition of Cell wail syn- 
thesis. Ancef' is active against the following organisms in vitro: 


Staphylococcus aureus (penicillin-sensitive and penicillin- 
resistant) 


9 information in SK&F 
mmary. 


-Synthetic 


Group A beta-hemolytic streptococci and other str 

tococci (many strains of enterococci are resistant). 

Streptococcus pneumoniae (formerly 
D. pneumoniae) 

Escherichia coli 

Proteus mirabilis 


Most strains of Enterobacter cloacae and indole positive Proteus 
(P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin- 
resistant staphylococci, serratia, pseudomonas,. mi 

Species are almost uniformly resistant to cefazolin. 
INDICATIONS 

Ancef (sterile cefazolin Sodium, SK&F 


ment of the following serious infectio 
Organisms: 


Respiratory tract infections due toS 


(formerly D. pneumoniae), Klebsiella Species, Hemophilus 
influenzae, Staphylococcus aureus (p 
penicillin-resistant), and group A beta 


Injectable benzathine penicillin is Consi 


ains of strep- 


Klebsiella species 
Enterobacter aerogenes 
Hemophilus influenzae 


) is indicated in the treat- 
ns due to Susceptible 


data establishing the efficacy of ‘Ancef’ inthes 
tion of rheumatic fever are not available at present. 


Genitourinary tract infections due t 
mirabilis, Klebsiella Species, and s 
and enterococci. 


Skin and soft-tissue infections du 
(penicillin-sensitive and penicilli 
hemolytic streptococci and other strains of Streptococci. 
Bone and joint infections due to Staphylococcus aureus. 


Septicemia due to Streptococcus pneumoniae (formerly D. 
pneumoniae), Staphylococcus aureus (penicillin-sensitive and 


penicillin-resistant), Proteus mirabilis, Escherichia COli, and 
Klebsiella Species. 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive 
and penicillin-resistant), and group A beta-hemolytic streptococci. 
Appropriate culture and Susceptibility. studies should be per- 
formed to determine Susceptibility of the causative organism 
to Ancef. 

CONTRAINDICATIONS 


Ancef (sterile cefazolin Sodium, SK&F) is contraindicated in 
patients with known allergy to the cephalosporin group of 
antibiotics. 

WARNINGS 


BEFORE CEFAZOLIN THERAPY |S INSTITUTED, CAREFUL 
INQUIRY SHOULD BE MADE CONCERNING PREVIOUS 
HYPERSENSITIVITY HEACTIONS TO CEPHALOSPORINS 

AND PENICILLIN. CEPHALOSPORIN C DERIVATIVES SHOULD 


BE GIVEN CAUTIOUSLY IN PENICILLIN-SENSITIVE 
PATIENTS. 


SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY RE- 
QUIRE EPINEPHR 


0 Escherichia COli, Proteus 
ome strains of enterobacter 


€ to Staphylococcus aureus 
n-resistant) and group A beta- 





meets the challenge .IVorIM 


Any patient who has demonstrated Some form of allergy, par- 
ticularly to drugs, should receive antibiotics cautiously. No excep- 
tion should be made with regard to Ancef'. 

Usage in Pregnancy: Safety of this 
nancy has not been established. 


Usage in Infants: Safety for use in prematures an 
1 month of age has not been established. 
PRECAUTIONS 

Prolonged use of cefazolin sodium ma 


of nonsusceptible organisms. Careful 
patient is essential. 


product for use during preg- 


d infants under 


y resuit in the overgrowth 
Clinical observation of the 


ADVERSE REACTIONS 
The following reactions have been reported: 

Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred. 


Blood: Neutropenia. leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred. 


Hepatic and Renal: Transient rise in SGOT. SGPT, BUN and 
alkaline phosphatase levels has been observed. 
Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral 
Candidiasis (oral thrush) have been reported. 

Other: Pain at site of injection 
has occurred, some with indu 
has been noted. 

DOSAGE AND ADMINISTRATION 
'Ancef may be adm 
after reconstitution. 


Dosage 


after intramuscular administration 
ration. Phlebitis at site of iniection 


inistered intramuscularly or intravenously 


Ancef may be usedin patients with reduced renal function with 


the following dosage adjustments: Patients with a creatinine 


In children, a total daily dosage of 25 to 50 
imately 10 to 20 mg. per pound) of body w 
or four equal doses, is effective for most 


For additional information on dosa 
package literature or contact your 
HOW SUPPLIED 


Ancef* (sterile cefazolin sodium, SK&F)—supplied in vials 
equivalent to 250 mg.. 500 mg., and 1 gram of cefazolin. 


ge and administration, see 
SK&F Representative. 


Smith Kline & French Laboratories 
Division of SmithKline Corporation, Philadelphia, PA 19101 








poly ; 
diethanolamide, Sodium benzoate, and water. PH (5.0 to 6.0) is adjusted with 
hydrochloric acid. All ingredients W/w. 


th 




















Protects 
every hospital Service... 
e more hands 
that use it 


nlike many other antibacteria] 
skin cleansers, PHisoHex® creates a 
bacteriostatic film that reduces resident 
hand staph and other gram-positive 
bacteria to minute fractions of original 
levels after a few days of regular use, 

hus, the pHisoHex hand is continu- 
ously protected —even between scrubs 
—through cumulative action when 


NE SS 


—— 


pHisoHex is used as directed. RINSE 
THOROUGHLY AFTER USE. pHisoHex 
should not be used on burned or de- 
nuded skin. See brief summary for ful] 







particularly susceptible to hexachlo- pHisoHex is intended for external use only. If swal- 
Sorption. Systemic toxicity may be mani- lowed, DHisoHex is harmful, especially to infants and 
Signs of Stimulation (irritation) of the children. pHisoHex Should not be poured into meas- 
OUS System, sometimes with Convulsions. uring cups, medicine bottles, or Similar containers 







n has been reported, with a symmetrical, since it may be Mistaken for baby formula or other 
distribution in the brainstem reticular medications, | "TE 
lesterols 0 formation of Premature infants of low birth weight, Precaution: pHisoHex suds t ra eiusd - z5 
polyeth , lauryl myristyl di- especially those with skin .rashes and wounds, who accidentally curing iei S o e rinsed ou 
ethanolamide, sodium benzoate, and water. pH (5.0 the e washed with 3% nexachlorophene, However, REST and thoroughly with water. Luis c 
to 6.0) is adjusted with hydrochloric acid. All ingredi- the T est correlates er BUCH infants oo have par Sensu to hous mette and photosensiniviy, 
ents w/w. een establishe „Since these in ants also ha criti- ensitivity to hexachlor i ; er, per- 
i ; 1; : : : Cal clinical conditions or athologic findings of in- SOnS who have developed photoallergy to similar 
EUCH oci Nax fia ram pee tatic action RARE: dependent etiology. Some recone Opinions" express compounds also may become sensitive to hexachio- 
ree y ue t y Hr E de ton Warne thir ahs Particular concern with respect to the use of pHisoHex rophene. 
ative anti id eral ac bu id OPS with repeate » E on premature infants. Although the Scientific picture In persons With highly sensitive Skin, the use of 
Indications: pHisoHex iS Indicated for use as a Surgi- is still incomplete, PHisoHex should not be used on PHisoHex may at times produce a reaction character. 
Cal scrub and a bacteriostatic Skin cleanser. |t ma premature infants unless, in the judgment of the pre- ized by redness and/or mild scaling or dryness espe- 
dram. De USed for washing to contro «no Outbreak of circuing Physician, its use is redonon by the unique — (iSi oy red t is Combined with such mecha es. fac- 
pital pracne infection * Vea ite aia oon nos- circumstances of an individual case, tors as excessive rubbing or exposure to heat or cold. 
of infection contro? fui nadequate as only as iam When Preparations containing hexachlorophene are Treatment of Accidental Ingestion: The accidental 
necessary for infection control. (See Warnings.) left in contact with burned or denuded skin or mu- ingestion of PHisoHex in amounts from 1 to 4 oz. hac 
cous membranes, Sufficient hexachlorophene may be Caused anorexia, vomiting, abdominal cramps, dia 
burned ndications: Skin. Ht eh adould not He 80 an absorbed to Cause toxic Symptoms. rhea dehydration, convulsions, hypotension and 
ities 
be used dressing, wet pack, or lotion o. wpud nO! ^ pHisoHex SHOULD BE DISCONTINUED PROMPTLY The stomach shou ported Instances, de ee 
e used routinely for Prophylactic total body bathing F SIGNS OR SYMPTOMS OF CEREBRAL IRRITA tric lavage followed by 2 oz. of olive oil or vegetable 
It should not be used as a vaginal pack or tampon, BILITY OCCUR. Experimental and clinical evidence oil and then b a saline cathartic with symptomatic 
Or on any mucous membranes. pHisoHex Should not indicates that hexachlorophene toxicity is reversible and supportive treaties as indicated. Sac package 
iba T shouid not be acen MY to any of its ho In a small number of reported Cases, fatal Intoxica insert or PDR for details. 
ms. it should no pe U tions from hexachlorophene have occurred. T ese ied: pH; ilable in unbreakable 
demonstrated Primary light sensitivity to halogenated pases include misuse of 396 hexachlorophene om How Supplied "bottles S15, available 1 pint, plasti 
phenol derivatives because of the possibility of cross. urned skin, or exposure to a powder accidentally pode erg Jag a i nii B omes 
Sensitivity to hexachlorophene. containing approximately 6.5% hexachlorophene, Ex. boxes of 50. pHisoHex should not be dispensed from 
Warnings: RINSE THOROUGHLY AFTER USE, espe- aminations of brain tisSue in some of these cases Or stored in containers with ordinary metal paris 
cially from sensitive areas Such as the Scrotum and revealed vacuolization like that which can be pro- ! | | 
perineum. duced in newborn experimental animals following 72752, Winthrop Laboratories 
Infants, especially premature infants Or those with repeated topical application of 396 hexachlorophene. New York, N.Y. 10016 





Before prescribing. please consult com- 
| piete product information. a summary of 
| which follows. 

THE JOU RNAL OF INDICATIONS: Tigan is indicated for the 
control of nausea and vomiting. 

THE BRITISH ASSOCIATION | CONTRAINDICATION: The injectable 

tormofTigan in chiidren, the suppositories 

OF SU RGICAL ONCOLOGY | in premature OF newborn infants, and use 

| in patients with known hypersensitivity to 

| trimethobenzamide are contraindicated. 


caine they should not be used in patients 


CLI NICAL known to be sensitive to this or similar 
local anesthetics. 

WARNINGS: Tigan may produce drowsi- 

O N CO LO GY ness. Patients should not operate motor 


vehicles Of other dangerous rnachinery 
editor-in-chief: A. J. HARDING RAINS 


until their individual responses have been 
determined. Reyes Syndrome has been 
assistant editor: C. W. JAMIESON 


associated with the. use of Tigan and 
other drugs. including antiemetics. al- 
though their contribution. if any, to the 

PE ei cause and course of the disease hasni 
The main aims of this journal are to advance the cause established. This Ne arome is char- 


study of oncology internationally, to stress the acterized by an abrupt onset shortly follow: 


multi-disciplinary nature of the subject, and to ng A NOn SPee Vomiting. E iA 
foster collaboration between surgeons, physi- tional behavior. progressive encephalop- 
cians, radiotherapists, pathologists, im- ee to coma, convulsions an 
munologists, chemotherapists, and all those who Usage in Pregnancy: Trimethobenzamide 
are working in the field of cancer OF who are | A drochloride us ed ce M 
; UNA de ion experiments in rats an rabbits an 
concerned with the scientific investigation relevant | ‘O teratogenicity was suggested. The only 
to it. | effects observed were an increased E 
: centage of embryonic resorptions Of stil 
CONTENTS: D. Coleman, S. Desat, H. Dudley, S. | born pups in rats administered 20 mg and 
Hollowell, and M. Hulbert, Needle Aspiration of | 100 moro er Dam Se acy 
f . * . i ; ac 
Palpable Breast Lesions—A New Application of these adverse effects Dore attributed to 
the Membrane Filter Technique and Its Results. P. one or wo SIME s Pa to ne 
. mans is not known. Since ere is no ad- 
C. Weaver, J. Wright, W. L. Brander, and G. equate experience in pregnant or lactating 
Westbury, Salvage Procedures for Locally Ad- woe who have received {this arug. 
: : safety in pregnancy Of in nursing mot ers 
vanced Malignant Melanoma of the Lower Limb. J. as not been established. 


Mills, N. Bishun, D. Williams, and R. W. Raven, PRECAUTIONS: During the course of 


Chromosomes and Oral Contraceptives—- acute febrile Hines, encephalitides. Gat" 
. . . troententis. dehydration and electrolyte 
Aberrations in Relation to Neoplasma. J.G. imbalance. especially in children and the 
Roberts, M. williams, J. M. Henk, A.S. Bligh, and elderly or debilitated. CNS reactions such 
P à m . as opisthotonos. convulsions. coma an 
M. Baum, The Hypronosticon Test in Breast extrapyramidal symptoms have been re- 
Cancer. J. F. Philip, Relevance in Oncology and ported with and without use of Tigan or 
its Impl tation 4 Scottish Regi P.M other antiemetic agents. In such disorders 
s Implementation in 9 cottish Region. 7* 77 ution should be exercised in administer 
Bolton, DNCB Sensitivity in Cancer Patients—A ing Tigan. Tbe a E Vie 
. ee ave recently received © er -acting 
Review Based on Sequential Testing in 430 Pa- agents (phenothiazines, barbiturates, bell- 
tients. G. C. Davies and H. Ellis, Radical Surgery adonna derivatives). ll is recommended 


: that severe emesis should not be treated 
in Locally Advanced Cancer in the Large Bowel. A. thal SO antiemetic drug alone: where DOs: 


R. Turnbull and A. J. Cooper, Depressed im- sible the cause of vomiting should be 


. : Dr - established. Primary emphasis should be 
munological Response Following Surgery Its Pos erected toward the "estoration of body 


sible Relevance in the Treatment of Patients with fluids and electrolyte balance. the relief of 
Cancer. R. W. Raven, Discipline of Surgical fever and relief of the causative disease 
Bacal |. S. Fenti E. E. Davi dG.S process, Overhydration should be avoided 
ncology. |. S. Fenfiman, ©: 7 avies and &. >. since it may result in cerebral edema. 
Ramsay, Hibernoma of the Thigh. The antiemetic effects of Tigan may 
render diagnosis more difficult in such 
VOLUME 1, 1975 (Quarterly) conditions as appendicitis and obscure 
rali d rate: Western Hemisphere, $24.50; RAN du due to overdosage of 
o hein n i ne pine m Aho ERSE REACTIONS: There have 
mited supply o somp e issues of the journal will be made been reports of hypersensitivity reactions 
available by the publishers fo honor individual requests. and Parkinson-like symptoms. There have 
Journal subscriptions are payable in advance. been instances of hypotension reported 


following parenteral administration to sur- 
gical patients. There have been reports of 
blood dyscrasias, blurring of vision, coma. 


convulsions, depression of mood. diar- 
AD iC : rhea, disorientation, dizziness. drowsi- 
ness, headache, jaundice. muscie cramps 


and opisthotonos. if these occur. the ad- 


ministration of the drug should be discon- 
tinued. Allergic-type skin reactions have 


been observed: therefore. the drug should 


Prices subject fo change without notice. 


A Subsidiary of Harcourt Brace Jovanovich, Publishers be discontinued at the first sign ot sensiti- 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 zation. While these symptoms will usually 
24-28 OVAL ROAD, LONDON NW! 7DX disappear spontaneously. symptomatic 


treatment may De indicated in some cases. 
HOW SUPPLIED: Ampuls, 2 mi, boxes of 
10. Multiple Dose Vials. 20 ml. Thera-Ject" 
(Disposable Syringes). 2 mi. boxes of 10. 






















Many things have changed in 


the 
but the Tig 











When Tigan was introduced in 1959, 
nausea or vomiting was a frequent post- 
operative occurrence. Advances in surgical 
technique and anesthetic agents have 
reduced these incidences. However, when 
you need control of emesis and need it 
quickly, I igan provides the necessary effec- 
tiveness with a relative lack of side effects. 

Tigan has been used successfully 
with many different anesthetics and in all 
types of surgery without potentiating 
the anesthesia, delaying the awakening or 
altering the patient's vital signs (although 
a few instances of hypotension have been 
reported). 


Beecham 


laboratories, Bristol, Tennessee 37620 


an effect has 


(trimethobenzamide HCl) 


operating room in 15 years... 
t. 









Tigan Injectable is intended for — 
intramuscular administration only: I" 


the recommended adult dose— 


2 ml. (200 mg.) t.i.d. or q.i.d. 
(It is contraindicated in children) 


,. TIGAN 200 mE. 
| Tmethobenzamide HO! 
~ 2500p 


For prompt control 
of nausea and vomiting 





Please see adjoining page for Brief Summary. 


Gastrointestinal 
Hormones 


Edited by James C. Thompson 
Foreword by R. A. Gregory 
Introduction by Morton |. Grossman 


Here is an authoritative summary of 
Current investigations in one of the 
most rapidly developing fields of medi- 
cine. In the Introduction to this collec- 
tion of papers by outstanding authori- 
ties in the field, Dr. Grossman provides 
an outline of new trends in gastro- 
intestinal hormone research. In addi- 
tion, Dr. Gregory, who originally iso- 
lated gastrin, has contributed a Section 
on the chemistry of gastrins that in- 
cludes the definitive amino acid Se- 
quence of big gastrin (G-34). The 46 
papers of this volume treat such topics 
as: 

* gastrin (with emphasis on molec- 

ular heterogeneity) 

* endocrine cells of the gut 

* trophic actions of gastrointestinal 
hormones 
new radioimmunoassay methods 
for secretin and cholecystokinin 
binding sites and actions of gas- 
trointestinal hormones 
chemistry and physiology of new 
hormones 
An Appendix to the volume provides the 
amino acid sequences for the gastrin- 
cholecystokinin family and the secretin- 
glucagon family of hormones. 
666 pp., 262 illus., 29 photos $15.00 


CECECR EE SCI Mg 
University of Texas Press 
Box 7819, Austin 78712 
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propoxyphene napsylate with acetaminophen 


Indication: For the relief of mild to moderate pain, either alone or accompanied by 
fever. 


Contraindications: Hypersensitivity to propoxyphene or to acetaminophen. ° 


Warnings: Drug Dependence—Propoxyphene Can produce drug dependence 
characterized by Psychic dependence and. less frequently, physical dependence 


appropriate to the use of codeine. 

Usage in Ambulatory Patients—Propoxyphene may impair the mental and/or 

physical abilities required for the performance of potentially hazardous tasks, such 
S driving a car or operating machinery. The patient should be cautioned accord- 
ingly. 

Usage in Pregnancy—Safe use in pregnancy has not been established relative to 
possible adverse effects on fetal development. Therefore, propoxyphene should not 
be used in pregnant women unless, in the Judgment of the physician, the potential 
benefits outweigh the possible hazards. 

Usage in Children—Propoxyphene is not recommended for use in children, be- 
cause documented clinical experience has been insufficient to establish safety and a 
suitable dosage regimen in the pediatric age group. 


Precautions: Confusion, anxiety, and tremors have been reported in a few patients 
receiving propoxyphene concomitantly with orphenadrine. The central-nervous- 
System depressant effect of propoxyphene may be additive with that of other C.N.S. 
depressants. 


Adverse Reactions: The most frequent adverse reactions are dizziness, sedation, 
nausea, and vomiting. These effects seem to be more prominent in ambulatory than 
in nonambulatory patients, and some of these adverse reactions may be alleviated if 
the patient lies down. 

Other adverse reactions include constipation, abdominal pain, skin rashes, 
lightheadedness, headache, weakness, euphoria, dysphoria, and minor visual dis- 
turbances. 
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AKE SENNING 
Inversion of the atrial flow in transposition of the great arteries is From the Kardiologische Arbeitsgemeinschaft of the 
achieved in the following way: the remaining atrial septum is University Clinics, Kantonsspital, Zurich 
detached from behind, leaving it as a flap between both AV- 
* * 5 * * * 2 E 
valves. The incision is continued into the coronary sinus and the 
Vena magna cordis to the base of the left atrial appendage along ericardium or plastic material can cause early post- 
the mitral ring. The resulting flap from the split coronary sinus is operative caval obstructior so that later in life an increas- 
sutured to the left atrial wall in front of the left side pulmonary ing percentage of the operated children suffer from clini- 
veins, thus forming a septum dorsal to the caval veins, diverting cally apparent obstruction to systemic and to pulmonarv 
the left pulmonary venous blood to the right side. The atrial septal ee © itn 5 i y Hd ENS y 
flap is reattached in front of the caval vein orifices. In 50 casesa Venous return.^ ^"? This complication and also the 
small Dacron patch was used to complete the midportion of the © drawbacks of small, non-compliant atrial chambers can 
new septum. Six patients died and so far we have encountered one largely be avoided when a maximum of vascularized au- 
superior Yena cava stenosis and one pulmonary vein stenosis. In ticular tissue is used to inverse the venous flows on atrial 
16 patients completion of the midportion of the new atrial septum level. Since 1968, in practically all children who under 
was done with a partially excised flap from the right atrial wall re P y | boue 
still attached to the Vena cava inferior. This method resulted in3 Went a hemodynamic correction of the TGA following a 
operative deaths. In 42 of 58 survivors the ECG has been re- previous Hanlon-Blalock septectomy, a modified atria 
peatedly controlled 3 months to 6 years postoperatively. Thirty- inversion’ technique has been used. No atrial tissue is 
six of the 42 patients have sinus rhythm, 4 vary between nodal and excised and a minimum of patch or no foreign material is 
sinus-rhythm and 2 have a total AV-dissociation. 
used. 
T CORRECTION of the transposition of the great ar- Surgical Procedure 
teries according t : * in infants : z . TN n | 
" i ns e ard oe d ee Extracorporeal perfusion was maintained by a heart- 
cnildren wi € | -Vas . : T ; 
E ZONE SOT MOR NaS UIs’ lung machine. The caval veins and the ascending aorta 
; : 3 . 2 ¥ 4 : r + : 1 i D ^. 
Presented at the Annual Meeting of the American Surgical Associa- WETE cannulated. Hypothermia was maintained at 32-24 
tion, Quebec City, Quebec, May 7—9, 1975. C. There was ventricular fibrillation. 
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Fic. la. Schematic drawing of the surgical procedure in the atrial Fic. ld. The suture of the flap of the incised coronary sinus and V. 
inversion by TGA method I. Transverse atrial incision VCS: V. cava magna cordis is started. 
sup.; VCJ: V. cava inf. 


Method I 


The atrial septal rest after a Hanlon-Blalock septec- 
tomy (Fig. 1b) is detached from behind, leaving it as 2 
flap between the Av-valves. The caudal incision is con 
ZH I tinued through the coronary sinus into the Vena magna 

! SS cordis to the base of the left atrial appendage along the 
mitral ring (Fig. 1c). The flap resulting from the split 

coronary vein is sutured to the left atrial wall in front ol 

the left side pulmonary veins (Figs. 1d and e), thus form- 

ing a septum dorsal to the caval veins diverting the left 

pulmonary venous blood to the right side (Fig. 3). 

The atrial septal flap is reattached in front of the cava 
vein orifices (Fig. 1f). The suture is made under tension 
approximating the caval orifices. An ordinary Dacror 
graft used for arterial surgery (2-3 cm long, 8-10 mm i1 
diameter) is cut open and used as graft to complete the 
midportion of the new septum which diverts the systemic 

FiG. lb. Detachment of the atrial septal rest (after Hanlon-Blalock bs — ptum tome muon aroa (Pus. ands); When n 

septectomy) Tri: tricuspid valve; CS: coronary sinus AS: atrial septal right atrial wall incision has been closed, the pulmonar 

rest. venous blood flows around the new septum (Fig. 1h 
through the tricuspid valve to the systemic circulation 
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Fic. Ic. The coronary sinus and V. magna cordis are incised. Mi: mitral 
valve. 
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Fic. le. Completed suture of the coronary vein flap to the left atri: 
wall has formed a septum (CVS) anterior to the left pulmonary veins 
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Fic. If. The atrial septal rest (AS) reattached in front of caval vein 
orifices. A Dacron patch is sutured to CVS and the suture continued 
posterior to the caval vein orifices. 


In the last 12 years the midportion of the new septum 
has been shaped from a partially excised flap from the 
right atrial wall over the orifice of the Vena cava inferior 
if the right atrial wall is large enough (Fig. 2a). As in the 
first method, the atrial septum is detached from behind 
leaving a flap between the tricuspid and mitral valves, 
(Fig. 2b) and the lower incision is continued through the 
coronary sinus to the base of the left atrial appendage 
(Fig. 2c). 


Method II 


The flap acquired from the split coronary sinus (Fig. 





FIG. Ig. The suture of the patch continued around the caval vein orifices 
and to the reattached atrial septum. 
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Fic. lh. The new septum diverting systemic venous blood to the 
pulmonary circuit is completed. 


2d) is sutured to the left atrial wall in front of the left 
pulmonary veins behind the caval veins forming a sep- 
tum, diverting the left pulmonary venous blood to the 
right side. The atrial septum is reattached anterior to the 
caval vein orifices (Fig. 2e) and partially around them 
according to its size, i.e. when there has been no preced- 
ing septectomy. The new septum diverting the systemic 
venous return to the mitral area is completed with the 
partially excised right atrial wall flap still attached over 
the inferior caval vein (Fig. 2f). Its posterior edge is 
sutured dorsal to the caval veins to the septum formed by 
the coronary vein flap. The atrial wall flap is sutured 
under tension (to approximate the caval vein orifices) 
around the superior caval vein orifice and to the reat- 
tached atrial septum (Fig. 2g). The anterior incisional 
edge of the righs almum is sutured over the base of the 
atrial wall flap and then to the posterior incisional edge of 
the right atrium (Fig. 2h). If the right atrium seems to be 
too small, causing a certain obstruction to the pulmonary 
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FIG. 2a. Method II The right atrial incision forms a flap (AF1.) attached 
over the V. cava inf. 
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Fic. 2f. The atrial wall flap (A F1) suture started posterior to the 
inferior caval orifice runs to the CVS. 





venous return, the posterior part of the incised atrial wall 
is sutured to the pericardium. The anterior part is then 
sutured over the atrial wall flap and then to the pericar- 
dium at an adequate distance in order to enlarge the 
auricle with pericardium in situ. 

In patients with complicated TGA the ventricular sep- 
tal defect is, if possible, closed with a patch through the 
tricuspid valve. In 5 patients the ventricular septal defect 
was closed through a separate right ventriculotomy. Val- 
vular pulmonary stenoses and subvalvular fibrotic 
stenoses are corrected through the pulmonary artery; 
muscular subvalvular pulmonary stenoses are resected 






2227 [ss KE. T vest = 


FIGs. 2b to e. (top to bottom) The atrial septal rest is detached from 
behind. C.S. and V. magna cordis incised along the mitral ring. The 
coronary vein flap sutured forming a septum anterior to the left pulmo- FiG. 2g. The suture continued along the CVS around the superior caval 
nary veins (compare with Fig. 1d). The atrial septum reattached in front vein orifice and to the reattached atrial septum (AS) has completed a 
of the caval orifices. new septum for atrial inversion. 
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FiG. 2h. The anterior incisional edge of the right atrium is sutured Over 
the base of the atrial wall flap (A F1) and continues to the posterior 
incisional edge. When enlargement of the arterialized atrium is neces- 
sary the anterior edge continues to the pericardium, e.g. along the 
dotted line. 


through the pulmonary orifice or through the ventricular 
septal defect. 


Results 


During the period ending December 1974, 50 patients 
with an average age of 5 years (range 4months— 10 years) 
Were operated according to the first method. Forty-six of 
the patients had a septectomy according to Hanlon- 
Blalock and 8 had a banding of the pulmonary artery. Of 
the 33 patients with simple TGA 2 died (Table 1) and of 
the 17 patients with additional malformations 3 expired. 
One of these patients had a single ventricle and 2 had 
pulmonary hypertension with severe vascular obstruc- 
tion. In this series one patient has been reoperated be- 
cause of severe superior caval stenosis and there was one 
late death from pulmonary venous stenosis. There was 
one further sudden death 3 years postoperatively. 

The second surgical method was used in 16 patients 
with a medium age of 4 years. Fourteen patients previ- 
ously had a septectomy as a palliative operation. Of the 8 
patients with complicated TGA, two patients died post- 


TABLE 1. Early Mortality in Operative Method Type I (Dec. 74) 
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Early Deaths 


No. Pts. No. (96) 
Xe i senescence Seen cease 
Simple TGA 33 2 ( 6) 
Complicated TGA 
TGA+VSD 10 2 
TGA+PS 3717 3 (18) 


TGA+VSD+PS 4 l 
re OOO 
Total 50 5 (10) 
a NR a A 


TRANSPOSITION OF THE GREAT ARTERIES 29] 






TABLE 2. Early Mortality in Operative Method Type II 


Early Deaths 


No. Pts No. (96) 
Simple TGA 8 l (12.5) 


Complicated TGA 
TGA+VSD 


TGA+VSD+Ps l » 
Total 16 3 


operatively (Table 2); one of them had a ventricular sep- 
tal defect and pulmonary stenosis and the other one had a 
ventricular septal defect, coarctation of the aorta and 
biscupid aortic valves. 

The ECG has been repeatedly controlled 3 months to 6 
years postoperatively in 42 patients of the 58 survivors 
(Table 3). Thirty-six of the 42 patients have sinus-rhythm 
and four vary between nodal and sinus-rhythm. Finally, 
in two patients who had ventricular septal defect closure, 
there is a complete A V-dissociation. 


Discussion 


It seems logical to use the heart's own living tissue 
when inverting the venous flow on atrial level in infants 
and children with TGA. The reconstructed chambers can 
be expected to grow with the patient and to adapt them- 
selves to the flow conditions in the heart. Further the 
pseudo-intimal pannus and shrinkage of the patch is 
avoided. Non-compliant walls are minimized and by ap- 
proximating the caval vein orifices there is a more direct 
flow from the caval veins through the atrial septal area. 

When a preliminary palliative atrial septectomy has 





E. os 


Fic. 3. The left atrium at autopsy opened from behind into the left 
pulmonary vein. The coronary vein flap separates them from the mitral 
part of the left auricle. On the right the ostium connecting them to the 
right side. 
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been performed the right atrial wall often is adherent to 
the pericardium and extremely brittle. In such a case the 
first described method is preferred; when sufficient right 
atrial wall exists, the second method is used. The size of 
the atrium is, if necessary, easily enlarged with pericar- 
dium in situ. 
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DISCUSSION 


DR. WILLIAM W. LUMPKIN GLENN (New Haven, Connecticut): This 
ingenious operative procedure described by Dr. Senning and used so 
successfully by him in the treatment of transposition of the great ar- 
teries is a logical extension of his earlier operation for this condition. 
I rise to give a 12-year followup report on a patient with transposition 
upon whom I performed the original atrial inversion operation described 
by Dr. Senning. 

The patient, severely cyanotic at birth, responded reasonably well to 
a Blaylock-Hanlon operation performed at the age of six months. At the 
age of ten years, congestive failure accompanied again by severe 
cyanosis and moderately severe pulmonary hypertension, necessitated 
a second operation. 

The operation originally described by Senning transposing the atrial 
septum to redirect the venous return was carried out. A patch of dacron 
was substituted for the atrial septum as the patient's own septum had 
been essentially destroyed by the Blaylock-Hanlon septectomy per- 
formed earlier. The remainder of the operative procedure was essen- 
tially as Senning has described. 

Postoperatively, the patient improved markedly with absence of 
cyanosis and clearing of congestive failure. There was a lessening of the 
pulmonary congestion as compared with the preoperative condition. 
The patient's condition continued to thrive and ten years later a 
catheterization study revealed only mild elevation of pulmonary pres- 
sure and an essentially normal arterial arch and saturation. 

No stenosis of the pulmonary veins could be demonstrated and there 
was only a very mild gradient between the inferior vena cava and the 
atrium. In every way, this was an excellent result. 

This first operation of Senning's was not as easily or successfully 
applied to the patient with the small heart. 

It is apparent by using the modification he has described tonight that 
Dr. Senning may be able to successfully overcome this impediment to 


success with the atrial transposition and the question I would like to 
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TABLE 3. Late Postoperative Cardiac Rhythm (Dec. 74) (3 m-6 years postop.) 
Permanent Sinus- Rhythm/ 
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Method Survivors No. Pts. controlled Sinus-Rhythm AV-Rhythm Complete AV 
Type I 45 35 29 4 pa 
Type Il 13 7 $ — - 
Total 58 42 36 4 Z 
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raise is what were the age range of his patients to whom he has applied 
this new and extremely important procedure? 


Dr. ALDO R. CASTANEDA (Boston): As surgeons in 1975, we're barely 
starting to understand the Senning One Operation. It's probably going 
to be 1985 or so before we understand the Senning Three Operation. 

I want to comment on the Senning Two part of this modification. We 
have found it useful and have applied it in a number of children. We 
have. however, problems in trying to use the technique in infants. As a 
matter of fact, before we started to sort of modify it, we perforated the 
coronary sinus in three infants. Fortunately, we did not damage the 
coronary artery and we were able to repair that and the children had no 
subsequent problems. I did want to ask if perhaps the technique cannot 
be used in infants within the first four months of life. 

We have found it particularly useful in two children on whom we had 
to reoperate because of past complications. By using this modification. 
we can avoid reoperation at the site of the pulmonary veins. I would 
think this is an additional indication for this particular modification. 


Dr. A. SENNING (Closing discussion): First, as to the question about 
the age range, the average age in the group of patients with a patch has 
been five years. The median age of the 16 patients without patch is four 
years, varying between four months and 22 years. 

Dr. Glenn, I’m happy to hear that your first patient lived long too. 
Our first patient we did in 1958 was recatheterized in Poland two years 
ago and he has absolutely normal function, the cardiologist reported. 
Most interesting is, of course, that there is no sign of tricuspid insuffi- 
ciency and still more interesting is that he has a practically normal 
contraction curve of both auricles. 

In our series we have not been able to do recatheterization of the 
patients so we do not know what the function of the atrium is. 

I said there are two inflow stenoses, but as we have not re- 
catheterized, we do not know about the gradient between the caval 
veins and the atrium, but there are no other clinical signs of stenosis in 


this series. 
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ORDON N. OLINGER, 


Postoperative mortality, infarction, and need for inotropic sup- 
port are reportedly increased following myocardial revasculariza- 
tion in **high-risk'" patients. We believe these complications result 
from inadequate protection of the compromised myocardium and 
should not occur with greater frequency in ‘thigh-risk’’ than 
«Low-risk'' patients if the heart is optimally protected during the 
entire course of the operative procedure. Results following revas- 
cularization in 50 consecutive *'low-risk" and 50 consecutive 
**high-risk'" patient were analyzed. One or more of the following 
factors were present in the “high-risk” group: ventricular 

ysfunction—ejection fraction < 0.4, preinfarction angina, evolv- 
ing infarction, recent infarction (less than 2 weeks), and refrac- 
tory ventricular tachyarrhythmia. The following principles were 
used in all patients to minimize ischemic injury: 1) avoidance of 
pre-bypass hypo- or hypertension, 2) limitation of ischemic arrest 
to less than 12 minutes, 3) avoidance of ventricular fibrillation, 
and 4) prolongation of total bypass as necessary to repay the 
myocardial oxygen debt. Postoperative inotropic support was re- 
quired in 10% of **high" and 10% of ‘“‘low-risk’’ patients; new 
postoperative infarction developed in 10% of ‘‘high’’ vs. 0% 
‘low-risk’? patients; death occurred in 2% of "high" vs. 4% 
««Jow-risk"" patients. These results are comparable and indicate 
that optimum myocardial protection allows safe revascularization 
in the **high-risk'' patient. 


ORONARY REVASCULARIZATION in stable patients 
with satisfactory ventricular function 1s performed 
widely with an acceptable small incidence of postopera- 


Reprint requests: Gerald D. Buckberg, M.D.. Division of Thoracic 
Surgery, UCLA School of Medicine, Los Angeles, Ca. 90024 

Presented at the Annual Meeting of the American Surgical Associa- 
tion, Quebec City, Quebec, May 7-9, 1975. 
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tive mortality, myocardial infarction, and depressed car- 
diac performance requiring pharmacologic or mec anical 
support.??' In contrast to these "low-risk'" patients, a 
considerable increase in both mortality and morbidity is 
reported to be associated with revascularization in high- 
risk” patients, including those with ventricular dysfunc- 
tion (ejection fraction < 0.4) 22273133 serious ventricular 
tachyarrhythmias,'!** preinfarction angina, ^?!7*? evolv- 
ing myocardial infarction 292539 and recent infarc- 
tion with extension.5!4^?9?? Such patients are more 
vulnerable to injury during operation. Their tolerance of 
further ischemic insult limits successfu techniques of 
management to those which protect the heart optimally 
during the entire course of the operative procedure. The 
purpose of this study is to present an outline for the 
conduct of coronary revascularization based on known 
principles of myocardial protection which allows safe 
revascularization even in the "high-risk" patient. 





Clinical Material 


A review of 50 consecutive ''low-risk"' and 50 consecu- 
tive "high-risk" patients who underwent coronary revas- 
cularization at UCLA Medical Center from January, 1972 
to September, 1974 form the basis for this report. Age 
and sex distribution and number of grafts performed per 
patient (mean 2.2 in "low-risk" vs. 2.1 in "high-risk" ) 
were similar in each group. Six patients with "uns able" 




















Mite x E I panes act suet à amc e NR vus UE Lee OE eM D i T Sige EES KURSE t D quaa IM M MU D ene E, uM UC UM EE p eee 
p A E 2 5 3 6) ide rane es x ue) im i ae n mE E i 3 po Er NE ee Re a Pm f; ore UD ANS S E rud QE a Beata ELEM aM REN DIM NACE EET ES EN ALN ISS EANO OSS SAARE OO ROEN IST 
xs 2s S uuu ei uL ite uem Ur E go or Mr LAS nus Eum Sa EN DURUM e dnd du ea een c MIU NEUE WERDE cx pu aep pt D ee ide psc I MM EA SAAR SSS EO quu Soe AN SINN 
ee p e oe Ne ec ee : pee cc md A MCN zn VENGEANCE ACA NS Cat AAA UI QUY VR Um M eee ASTU a cool Sey ee Kae us aD (EDDA it ROS REA AOSTA LS ESTER NA tn uy Voc Men Sean LAM EARUM DEI MASA 
dU E E LT qu cu uu M UC M qtu UN C S M Wap EN uu E E C puc c uu I M ae NU cee E ui cu T XR E IAE e 
SS Qu peu ROE ERAT ING I Uu poc cO rennin re ene E NU UE San OS DUO NDS TUE Set RSS DIURNO H 2 PE PES Ee PASE A T N DM MTM o MUN AMI PD D EAE See eR Nee eer rE Seater 
NE c c DE RUE duc UT A a ee Pee are eee DAE SASS SG ERE PUE um AUR p Dor Mua UAM ERA ASINI RUS eas E ropa aia sain AT ETAT epee aes eee diner m E DU C UM ire Uo UT 
E RE DN n Pi DN aah eet) Pun CD UELLE PURER Um ÜRCIASGE IUNIO OPE ES ore EI e a re de Clare DUE EN a ee LESER A UD AT pA SCC EU Moe Mu RNAS] (SPESE EHE AC UU ES SAEED TCE SU aol rire Mathias O AA LUE DANTUR LI UO s 5 Be 0m ee 
pom S oe opum s d 2 ue Mu Ee UE E TIME Y Woo cU MD eR NO IK PUE LS ES ASIA UTIMS E RE EE An A as CUEOUIS 2s À QUSS VALENS TUNE Yum E dcc o um UT a iue DD d E E 
poo et pou C o omo ore x v Um Cu D M UE RENE ECTS PRU MORIR ERESIA. EU MM CU UU cc p UN LUN EER Te Nr xe Cu Nu Ret eR E I Pe P tun eee te No D c oe 
i = m x AEN = 2 dre E dudum M CUN Sue ra Pure eer oe aya ioe Ug EE etnies Pierre ana Coos Ue ay Ei aN NIRE e te ea eee Te EE i: x hrec aum AN ESAE 35 5 DIDA aM MAI cv 3 E pie 
ee S e e 2 umo uu c D Uu M une Ne eauie WEE HIE Ee pou up M i Sees Bre = vx um i d : Mu ae dup uU n s e) 
Danese ae Se aie eet en qu cc cm ac Md |o OEC RUE. aU SEI UEA NE IC E TC ARDEN XT We NIE EET Wu ei PII DE n us E I T 2: s UE i uo ur S ERAS m a ARSE RUIT ee eae eae 
aCe D Rea Rom RC RE Ra RR D M RES oT a ae UE ci Po Se IE 2s cipe EE ANE RUNE ue oue x Em un ss E SUME T A aan d 
E ENDURO AN ENIRO ORARE MES d m SET pue E Mars MUN uM EI. NE m m ee ee e n uo T x > F 
SSeS RA A AANI AA DANT Me - TUNE Eni unu IDA SSE N RN i Screen te der x E Xt ru te 
Peete ENS Bose ie sue rae tina zm NE E EM us Rd te 2 i D E = esis 
iene Me estan ones ee ree cee LM ete ae 2 iue US eM 


xs 


d 





OLINGER AND OTHERS 


TABLE 1. 50 High Risk Patients 


Ventricular dysfunction 
Preinfarction angina 
Evolving infarction 
Recent infarction 
Tachyarrhythmia 
Combined factors 


angina (changing pain pattern without ECG 
rest) were included in the “low-risk” group. 

Table 1 shows categorization of the 50 "high-risk" 
patients. Forty operations were performed on an 
emergency basis. Nine patients had combined risk fac- 
tors. 

Impaired left ventricular function (ejection fraction 
< 0.40) was demonstrated by preoperative ventriculog- 
raphy in 16 patients. The mean ejection fraction was 0.28 
* 0.8 S.D. with a range from 0.12 to 0.38. Ten patients in 
this group were the only ones in the "high-risk" series in 
whom coronary revascularization was performed as an 
elective procedure. 

Four patients underwent operation primarily for re- 
fractory ventricular tachycardia andlor fibrillation. Ejec- 
tion fraction was less than 0.4 in three of these patients. 
Arrhythmias developed within two weeks after acute 
myocardial infarction in two patients and during repeated 
episodes of preinfarction angina in another. 

Preinfarction angina, defined as: l) pain at rest, 2) 
prolonged angina pectoris (more than 20 minutes), 3) 
incomplete relief of pain by coronary vasodilators or 
propranolol, and 4) ST depression (> 2 mm) and T wave 
changes with pain were present as the principal indication 
for operation in 30 patients. Emergency cardiac 
catheterization and coronary revascularization were per- 
formed in each case. Combined risk factors (ventricular 
dysfunction in 3, recent myocardial infarction in 4, and 
refractory tachyarrhythmia in 2 were present in 6 of these 
patients. 

Evolving acute infarction was the indication for opera- 
tion in 8 patients. Infarction was defined as pain at rest, 
unrelieved by coronary vasodilators, and characterized 
electrocardiographically by ST segment elevation (22mm) 
with reciprocal depression and elevation of serum 
transaminase to greater than 40 units and CPK greater 
than 200 units. (Myocardial specific CPK determinations 
were unavailable at the time of this study.) Coronary 
arteriography had been completed in each case; infarc- 
tion ensued within hours to several days of study. Al- 
though hemodynamic instability characterized this group 
of patients, none sustained cardiogenic shock. The last 
subgroup of patients in the "high-risk" category included 
5 who developed recurrent chest pain associated with 
progressive ST segment and T wave changes of injury 
within two weeks after myocardial infarction. 


changes at 
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Operative Technique : 


Prior to induction of anesthesia, arterial and central 
venous cannulae were inserted for pressure monitoring. 
In the ‘high-risk’ group of patients, pulmonary artery 
and pulmonary artery wedge pressures have been moni- 
tored using a Swan-Ganz catheter placed either at the 
time of cardiac catheterization or in the coronary care 
unit. Induction of general anesthesia was accomplished 
with a balance of intravenous barbiturate, narcotic, and 
paralytic agents and maintained with appropriate doses of 
nitrous oxide and enflurane. An effort was made to main- 
tain a normotensive systemic blood pressure at all times. 
Hypertension, if associated with elevation of the pulmo- 
nary artery wedge pressure to levels greater than those 
recorded prior to induction of anesthesia, and particu- 
larly if associated with ischemic ST segment and T wave 
electrocardiographic changes, was treated with intrave- 
nous nitro-prusside infusion. Decisions regarding treat- 
ment of hypotension were based upon changes in pulmo- 
nary artery wedge pressure. The vascular volume was 
expanded by infusion of plasma if the pulmonary artery 
wedge pressure fell in association with peripheral vasodil- 
ation. A rise in pulmonary artery wedge pressure was 
felt on the other hand to be associated with myocardial 
depression. In this circumstance all negative inotropic 
anesthetic agents were discontinued. If this did not pro- 
duce an immediate rise in systemic arterial blood pres- 
sure and fall in pulmonary artery wedge pressure, an 
isoproterenol infusion was given. 

Standard cardiopulmonary bypass was used. A single 
large caliber cannula was used for venous drainage, and 
oxygenated blood was ordinarily returned into the 
femoral artery. The bypass circuit (Bentley) was primed 
with 1000 ml whole blood, and 1500 ml Ringer's lactate 
solution. The average hematocrit was 32%. Body tem- 
perature was lowered to 32 C. Perfusion pressure was kept 
between 75 and 100 mm Hg by adjusting the rate of 
perfusion and administering phenylephrine hydrochloride 
if flows in excess of 80 cc/kg/min or 5 L/min failed to 
achieve this desired perfusion pressure. Immediately 
after sternotomy, a polyethylene catheter was introduced 
into the left atrium through the right superior pulmonary 
vein to monitor left arterial pressure. The left ventricle 
was kept decompressed by a vent inserted through the 
apex. The adequacy of this venting was assessed by the 
level of left atrial pressure—if it exceeded 5 mm Hg the 
vent was readjusted. 

Only autogenous saphenous veins were used for 
bypass grafts. All aortic and coronary anastomoses were 
done during cardiopulmonary bypass. For each graft the 
distal coronary-to-vein anastomosis was always per- 
formed first. The aorta was cross clamped to create a 
quiet operative field for all circumflex, most left anterior 
descending, and many right coronary anastomoses. A 
continuous suture technique (6-0 proline) was used. 
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TABLE 2. Complications-50 High Risk Patients-UCLA, 1972-1974 








Inotropic New 
Patient Support Infarction Death Contributing Factors 
1 + + Intrainfarctional; labile 
blood pressure, inadequate 
payback © debt 
2 + + Intrainfarctional; occlusion 
of previous graft 
3 + Postoperative pericardial 
tamponade 
4 $ Ejection fraction 0.2, tachy- 
arrhythmia with hypotension 
5 + Recent infarction; ejection 
fraction 0.12 
6 + Preinfarction angina 
7 F Recent infarction 
8 + Intrainfarctional 
9 + Intrainfarctional 
5 (10%) 5 (10%) | (2%) 





Upon release of the aortic cross clamp ideal perfusion 
pressure (between 75 and 100 mm Hg) was re-established 
slowly (over a one minute period) and mannitol (12.5 g) 
was given as a bolus into the bypass circuit. These mea- 
sures were to minimize reperfusion myocardial edema. 
When spontaneous return of a conducted rhythm did not 
occur, ventricular fibrillation was immediately reverted. 
Once normal rhythm was established the proximal aortic 
anastomosis for that graft was done using a continuous 
5-0 proline suture. The tangentially placed partial occlu- 
sion clamp on the aorta did not interfere with resumption 
of aortic root perfusion, thus facilitating repayment of the 
myocardial oxygen debt incurred during the previous 
period of ischemic arrest. If the partial occlusion aortic 
clamp used for second, third, or fourth anastomoses in- 
cluded in the orifices of previously completed vein grafts 
(adding an ischemic insult), upon declamping, normal 
perfusion pressure was resumed gradually for the reasons 
stated previously. 

Cardiopulmonary bypass was discontinued briefly and 
left ventricular performance assessed. If the left atrial 
pressure was substantially increased over preoperative 
values, or if the arterial blood pressure was less than 100 
mm Hg with left atrial pressure greater than 20-25 mm 
Hg, total bypass (including vent decompression of the left 
ventricle) was immediately reinstituted. Mean arterial 
pressure was raised to 100 mm Hg by increasing pump 
flow or using vasoconstrictor drugs if necessary. Total 
bypass was prolonged for sequential 15 minute intervals 
(sometimes up to one hour) with reassessment of cardiac 
performance after elapse of each interval. After bypass 
was discontinued and the patient was stable hemodynam- 
ically, mean, phasic, and postocclusion hyperemic graft 
flows were measured and oscilloscopic displays in- 
spected. 


Results 


The results in the ‘“‘high-risk’’ patients are shown in 
Table 2, while those in the ‘‘low-risk”’ patients are pre- 
sented in Table 3. 


Postoperative circulatory support 


Clinical indications for pharmacologic inotropic sup- 
port included: 1) arterial blood pressure less than 100 mm 
Hg which did not increase when left atrial pressure was 
raised to 25 mm Hg, 2) urine output less than 25 cc/hr, 3) 
metabolic acidosis, 4) peripheral vasoconstriction and 
cyanosis, and 5) increased arterial-venous oxygen differ- 
ence. Inotropic drugs were used in 5 (10%) of "high" and 
5 (10%) of '"low-risk" patients. Of the 5 "high-risk" 
patients, two underwent revascularization for evolving 
myocardial infarction, one required isoproterenol en 
route to the operating room for relief of cardiac tam- 
ponade, and a fourth, operated for refractory ventricular 
tachyarrhythmia (ejection fraction 0.12), required ino- 
tropic support after development of recurrent tachyar- 
rhythmia on the second postoperative day. 

Of the 5 patients with depressed cardiac performance 
in the ‘‘low-risk’’ group, two patients were revas- 
cularized early in our experience when continuous ven- 
tricular fibrillation was used. One patient developed a 
bleeding diathesis and refractory hypotension requiring 
massive transfusion. No identifiable cause to explain the 
need for postoperative inotropic support was found in the 
other two patients. 


New postoperative infarction 


Postoperative infarction was defined as the develop- 
ment of persistent new Q waves and/or persistent loss of 
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TABLE 3. Complications-50 Low Risk Patients-UCLA, 1972-1974 
a eu ld cic E LLL ud Dd D Mese iM N V eai DM DUC CLA dU M ea 


Contributing Factors 


Fibrillation 
Fibrillation 


Bleeding diathesis; 
hypotension 


Unknown 
Unknown 


Technical anastomotic 
difficulty 


Unknown 


Inotropic New 
Patient Support Infarction Death 
] + + + 
2 + + 
3 + + + 
4 + 
5 + 
6 + 
7 + 
5 (10%) 5 (10%) 2 (4%) 





pre-existent precordial R wave progression. Five patients 
in the “high-risk” group developed this complication. 
Three of the 8 patients undergoing revascularization dur- 
ing an evolving infarction (ST elevation in precordial 
leads) developed new Q waves in the early postoperative 
period. A fourth patient developed a secondary rise in 
serum CPK (2020 units) following revascularization for 
extending infarction; no new Q wave developed. In the 
fifth patient new infarction appeared when the graft 
closed 6 days after revascularization for preinfarction 
angina. 

Two of the 5 ‘‘low-risk’’ patients developing infarction 
were the only patients who were intentionally fibrillated 
during revascularization; one patient died. The third pa- 
tient, who developed a bleeding diasthesis, died on day 
three. In the fourth patient there was technical difficulty 
with the distal anstomosis (injury to posterior wall). In- 
farction 3 weeks postoperative was unexplained in the 
other patient although graft flows were marginal (40 cc/ 
min). 


Deaths 


One patient (2%) in the “high-risk groups died after 
coronary revascularization. This operation for an evolv- 
ing myocardial infarction was performed early in our 
experience. The patient's blood pressure preoperatively 
was extremely labile, and our current techniques of 
pharmacologic control had not been established. After 
discontinuation of cardiopulmonary bypass, cardiac per- 
formance was depressed. Rather than prolonging total 
bypass, as is our current practice, we proceeded directly 
to inotropic support. Death occurred in the operating 
room in a low output state. Two ‘‘low-risk’’ (4%) patients 
died. Both had infarctions and required inotropic drugs, 
one in whom sustained fibrillation had been used, and the 
other after a bleeding diathesis with hypotension. 


Discussion 


Patients are placed in a "'high-risk"' category because 
they are more vulnerable to ischemic myocardial injury 


during operation. Injury manifests itself as extension or 
development of myocardial infarction, as depressed 
postoperative myocardial performance requiring ino- 
tropic pharmacologic or mechanical support, or as death. 
Our data show a comparably low incidence of these com- 
plications in "'high-risk" and ‘‘low-risk’’ patients. We 
propose, therefore, the following hypotheses: 1) Is- 
chemic damage results from an imbalance between 
myocardial oxygen demand and oxygen supply incurred 
during the course of operation. 2) The ‘“‘high-risk’’ patient 
has an extremely limited capacity to tolerate even minor 
imbalances in this supply/demand relationship. 3) In the 
absence of supply/demand imbalances, postoperative 
myocardial infarction should not result unless there is 
graft closure due to technical problems during anas- 
tomosis (as suggested by Morton)? or to inadequate graft 
flow because of poor distal run-off. 4) Postoperative mor- 
tality and morbidity should not be increased in ‘‘high- 
risk” patients if meticulous attention is directed toward 
protecting the heart against ischemic damage during op- 
eration. 

Postoperative myocardial infarction occurred in 10 pa- 
tients of the current series (5 in each group). Two of the 5 
"]ow-risk"" patients developing infarction were the only 
ones in whom ventricular fibrillation was used. We attrib- 
ute these infarctions to ventricular fibrillation itself, 
rather than to technical problems (the patient who died 
had patent grafts at autopsy). Bleeding diathesis as- 
sociated with refractory hypotension resulted in infarc- 
tion in the other patient who died (his grafts were also 
patent at postmortem examination). A technical problem 
(injury to the back wall of the left anterior descending 
coronary artery with compromise of the distal vessel) 
caused infarction in another patient. The 3 of 8 patients 
evolving postoperative Q waves (two of whom required 
inotropic support) following revascularization during 
acute infarction may be regarded as failure of revas- 
cularization to prevent muscle death. Reperfusion, in 
fact, may accentuate hemorrhage and edema despite 
careful attention to myocardial protection. Thus obvious 
causes of depressed cardiac performance or violation of 
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principles of myocardial protection occurred in 8 of the 
10 patients (‘‘high’’ or ‘‘low-risk’’) requiring phar- 
macologic circulatory support and in 7 of the patients 
developing infarction after operation. 

The ‘‘low-risk’’ coronary patient retains substantial 
coronary vasodilator reserve (ability to maintain coro- 
nary blood flow by compensatory vasodilatation or to 
repay oxygen debt by reactive hyperemia) and develops 
ischemia only under extreme stress (treadmill testing, 
etc.). This is in contrast to most "high-risk" coronary 
patients who have exhausted coronary reserve and may 
have ischemia at rest. Myocardial injury, therefore, may 
be sustained from only slight adverse alterations in sup- 
ply or demand. Ventricular dysfunction, resulting in a 
poor ejection fraction and ventricular dilatation, in- 
creases wall tension and oxygen demands. Recurrent 
tachyarrhythmias, usually following myocardial infarc- 
tion, cause hypotension and decrease coronary perfu- 
sion, while oxygen requirements are raised due to the 
increased heart rate. Patients with preinfarction an- 
gina or with evolving or extending myocardial in- 
farction are prone to develop hemodynamic instability 
with induction of anesthesia in the pre-bypass period. 
In our experience, these patients may require rapid 
institution of cardiopulmonary bypass to limit exten- 
sive pre-bypass ischemic injury. Any oxygen debt in- 
curred by these hearts prior to bypass is accentuated by 
the unavoidable insults to the myocardium related to the 
operative procedure. This must be repaid satisfactorily 
before satisfactory post-bypass function can be sus- 
tained. 

To optimize the myocardial oxygen supply/demand re- 
lationship before, during and after bypass, the conduct of 
our revascularization procedures has been governed by 
adherence to the principles listed in Table 4. A detailed 
discussion of the physiologic concepts behind these prin- 
ciples is found in previous publications." ? !* ^ The fol- 
lowing observations pertain to their application in man- 
agement of the coronary patient. 

Major fluctuations in heart rate, blood pressure, and 
cardiac work take place during induction of anesthesia 
and while preparations for extra-corporeal perfusion are 
being made. Myocardial damage can and does occur in 
this period. All ‘‘high-risk’’ patients, who are especially 
vulnerable, are brought to the operating room with pul- 
monary artery wedge catheter in place. In these patients, 
as well as all others, a left atrial catheter is inserted as 
soon as the chest is open. A high left ventricular diastolic 
pressure (reflected by the left atrial pressure), indicates 
compromised left ventricular function. This elevated in- 
tracavitary pressure impedes diastolic coronary flow and 
raisés oxygen requirements by increasing wall tension. 
Extremes of blood pressure are avoided since hypoten- 
sion reduces coronary blood supply, and hypertension 
increases oxygen demands (Fig. 1). When they occur, 
treatment (see Operative Technique) is based on the re- 
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AVOID HYPOTENSION AND 
HYPERTENSION BEFORE BYPASS 


200 


BP 
mmHg 


100 





HYPOTENSION 


HYPERTENSION 


E3 SUPPLY 
[.] DEMAND 


Fic. 1. Mechanisms of ischemia produced by altered supply/demand 
relationships: (left) Hypotension reduces supply (cross hatched area) by 
lowering diastolic perfusion pressure; (right) Hypertension increases 
demand (area under ventricular pressure curve), while supply is de- 
creased by elevation of left ventricular diastolic pressure (PA wedge) 
which impedes diastolic flow, as well as by the relative shortening of 
diastole necessitated with prolonged ventricular ejection. PA = pulmo- 
nary artery, Ao = aortic, BP = blood pressure. 


sponse of left ventricular filling pressure. If the patient is 
unstable, partial bypass is established as quickly as pos- 
sible by cannulation of femoral artery and femoral vein. 
The left ventricle is always vented immediately after 
institution of bypass and the vent is removed only 
after bypass can be discontinued without difficulty. 
Venting reduces wall tension (oxygen demands) and 
avoids the counterforce to subendocardial perfusion (oxy- 
gen supply) caused by high left ventricular pressure. The 
beating, non-vented heart does isometric work, for which 
there is a high oxygen requirement. We usually place the 
vent through an apical stab wound; the vent is manipu- 
lated into the ventricle from the left atrium in the pres- 
ence of recent anterior infarction or known clot in the 
antero-apical ventricle. Kinking of the vent may occur 
during circumflex and posterior descending coronary ar- 
tery anstomoses; distention of the left ventricle and over- 
stretch can damage muscle fibers. We assess the ade- 
quacy of venting by monitoring left atrial pressure. 
Blood flow to the ischemic myocardium is pressure- 
dependent because the ability to further augment flow 


TABLE 4. Principles of Management 





Avoid hypotension and hypertension 
Monitor LV filling pressure 

Always vent LV (beating empty heart) 
All anastomoses on bypass 

Maintain perfusion pressure > 75 mm Hg 
Avoid extreme hemodilution 

Avoid ventricular fibrillation 

Use intermittent ischemic arrest 

Repay oxygen debts 


a 








REPAY CARDIAC Oe DEBT with 
TOTAL (VENTED) BYPASS 


100 
BP Ao 
mmHg 
50 
Lv A | 44 | 

PARTIAL COUNTER- TOTAL 

BYPASS PULSATION BYPASS 
SUPPLY 
[] DEMAND 


Fic. 2. Effects of partial bypass, of diastolic aortic counterpulsation, 
and of total (vented) bypass on supply/demand relationships. (left) With 
partial bypass supply/demand ratio remains depressed because ventri- 
cle does pressure and volume work and high left ventricular diastolic 
pressure and diastolic aortic hypotension decrease supply. (center) 
While supply with counterpulsation is increased markedly by raising 
diastolic perfusion pressure and lowering systolic pressure with ven- 
tricular unloading, thereby improving greatly supply/demand ratio, 
some volume and isometric ventricular work is still necessary. Note 
ventricular diastolic pressure remains elevated. (right) With total 
bypass, adequate venting reduces oxygen demand and removes impe- 
dance to subendocardial perfusion by high left ventricular diastolic 
pressure. Supply is optimized by raising aortic blood pressure with 
increased extracorporeal flow rate and/or administration of peripheral 
vasoconstrictive drug. 


by reducing resistance through vasodilatation is lost. 
A high coronary ostial pressure is essential in coronary 
patients because of the obligatory pressure drop across 
distal stenoses. We maintain a mean perfusion pressure 
between 75 and 100 mm Hg. A peripheral vasoconstrictor 
drug (phenylephrine hydrochloride) is added to the perfu- 
sate when pump flow must exceed 80 cc/kg-min to main- 
tain this perfusion pressure. Despite this, it may be im- 
possible to adequately perfuse the distal myocardium 
until all anastomoses are completed and obstructions 
bypassed. We allow perfusion pressure to fall below 60 
mm Hg only when the aorta is cross clamped. 

Bypass is conducted using moderate hemodilution 
(hematocrit 32%). Extreme hemodilution is avoided. It is 
difficult to maintain an adequate perfusion pressure when 
blood viscosity is lowered markedly. Furthermore, re- 
duced blood oxygen content limits oxygen delivery for 
any given flow and my preclude adequate repayment of 
ischemic debts incurred during periods of ischemic ar- 
rest. Blood is added to maintain volume in the extra- 
corporeal circuit during longer perfusions (triple and 
quadruple bypasses) when crystalloid in the initial prime 
is translocated into the extravascular space and excreted 
in the urine. 

While we keep the heart in the beating empty state 
whenever possible, a quiet operating field is necessary to 
distal vein-to-coronary anastomoses. We believe that 
ventricular fibrillation is contraindicated. The fibrillating 
myocardium has a high oxygen demand (approximately 
8076 as much as the beating working heart), and in the 
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coronary patient it may be impossible to provide. an 
adequate oxygen supply to all parts of the myocardium. 
Subendocardial ischemia during fibrillation has been pro- 
duced experimentally under various circumstances, e.g. if 
electrical stimulus is maintained, if the ventricle becomes 
distended, when the ventricle is hypertrophied and fibril- 
lates spontaneously (e.g., patient with systemic hyper- 
tension), or if perfusion pressure is less than 60 mm Hg. 
In the electrically fibrillated, non-vented heart all these 
conditions may occur. The reported anaerobic me- 
tabolism in hearts that were fibrillated during coronary 
bypass grafting is likely due to the low perfusion pressure 
beyond coronary stenoses ?* Griepp showed recently that 
more ischemia occurred in hearts fibrillated during revas- 
cularization than in those subjected to ischemic arrest.!2 
His observations are supported by those of Ellis who 
found a higher incidence of postoperative infarction when 
anastomosis was made with local vessel occlusion than 
with ischemic cardiac arrest.? These observations are not 
surprising, since while the coronary artery being by- 
passed is temporarily occluded, the distal fibrillating 
myocardium with its continued high oxygen demand is 
made even more ischemic than the remainder of the 
heart. We do most distal anastomoses during ischemic 
arrest. The heart is relaxed, making technical conditions 
ideal, and oxygen demand is low, especially when perfu- 
sion hypothermia is added. Most anastomoses are com- 
pleted within 10 to 12 minutes. A comparable time is 
allowed for repayment of the oxygen debt while each 
proximal anastomosis is performed. If the heart fibrillates 
after the cross clamp is removed, we defibrillate it 
promptly. 


Myocardial interstitial edema may occur during re- 
vascularization and adversely affects coronary perfusion 
by reducing wall compliance (requiring a higher filling 
pressure and thereby increasing diastolic impedance to 
flow) and by increasing intramyocardial vascular resis- 
tance. Over the last 18 months two measures have been 
taken to reduce this. First, we administer mannitol im- 
mediately after removing the aortic cross clamp used for 
distal anastomoses. This agent acts osmotically to reduce 
interstitial water. We have shown it to enhance peak 
reactive hyperemic flow. Second, perfusion pressure is 
lowered when the cross clamp is removed and is brought 
back to 80mm Hg over one minute. This is done to 
avoid edema caused by sudden reperfusion of the is- 
chemic, maximally dilated vascular beds.!? 


Despite our best attempts to avoid myocardial is- 
chemia, some oxygen debt must accumulate during 
periods of aortic occlusion. It may not be repaid 
adequately until all grafts are open and the distal myocar- 
dium can receive a full head of driving pressure. We 
attempt to repay these debts as they accrue by doing the 
proximal anastomosis after each distal anastomosis is 
completed, rather than doing all distal grafts during an 
extended period of ischemia. 
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We feel it essential to do all anastomoses during ex- 
tracorporeal circulation. The alternative is to perform all 
proximal anastomoses before or after bypass and to do all 
distal anastomoses under one period of ischemic arrest. 
The degree of myocardial injury is greater as the duration 
of total ischemia is prolonged, but short periods of inter- 
mittent arrest are less damaging than longer ones of com- 
parable total duration.'® To do all proximal anastomoses 
without extracorporeal circulation offers only one poten- 
tial advantage, that of shortening bypass time. We do not 
believe bypass time is the issue, but rather how well the 
heart is protected during revascularization. If bypass is 
discontinued while the proximal anastomoses are being 
done, the heart must renew its function while the is- 
chemic debt incurred during the vein-coronary anas- 
tomoses has not yet been repaid. This also raises 
myocardial oxygen requirements by forcing the heart to 
eject against the impedance offered by a large partial 
occlusion aortic clamp (supravalvar aortic stenosis). Sig- 
nificant ventricular afterload may go undetected when 
arterial pressure is monitored in the radial artery, since 
systemic blood pressure will be maintained by peripheral 
vasoconstriction. A tangentially clamped atherosclerotic 
ascending aorta is also vulnerable to intimal injury and to 
potential dissection when left ventricular ejection is 
forceful. 


Extracorporeal circulation is discontinued initially with 
the vent left in place. If cardiac performance is unsatis- 
factory when bypass is discontinued, total bypass is pro- 
longed by reconnecting the vent and keeping the heart in 
a beating nonworking state. Cardiac work and oxygen 
demands are kept low while new blood supply takes 
effect to repay oxygen debts. Initial recourse to inotropic 
drugs is avoided since they raise the oxygen requirements 
at a time when the heart should be rested. Total vented 
bypass, because it minimizes both ventricular diastolic 
pressure and isometric ventricular work, has the advan- 
tage of a substantially better supply/demand balance than 
either partial bypass or balloon counterpulsation (Fig. 2). 


Mean and phasic graft flow is measured immediately 
after discontinuation of bypass. Evidence of persistent 
ischemia (prominent systolic flow pattern) or of in- 
adequate graft flow without reactive hyperemia prompts 
reexamination of the graft to be certain that kinking or 
stenosis has not occurred. 


An additional technique, as yet not employed by us, to 
facilitate management of the ‘‘high-risk’’ coronary pa- 
tient is that of diastolic pressure augmentation with aortic 
balloon counterpulsation. This device has been used suc- 
cessfully by others to stabilize patients with preinfarction 
angina and is a valuable adjunct to the management of 
this group of severely ischemic and often unstable pa- 
tients. It has also been shown to be helpful in minimizing 
the supply/demand discrepancy postoperatively in pa- 
tients who have sustained myocardial injury during 
bypass. We feel, however, that in most circumstances, 
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adherence to the principles of myocardial protection 
enumerated will minimize ischemic injury and, in most 
patients, preclude the necessity for either pharmacologic 
or mechanical circulatory support. 

Fifty consecutive elective “low-risk” patients with 50 
consecutive ‘‘high-risk’’ patients (ventricular dysfunc- 
tion, ventricular tachyarrhythmias, preinfarction angina, 
evolving myocardial infarction and recent myocardial in- 
farction with extension) underwent coronary revasculari- 
zation with a comparable incidence of postoperative 
morbidity and mortality. We believe these results are 
directly attributable to careful attention toward principles 
of myocardial protection during operation. 
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DISCUSSION 


DR. JOHN A. WALDHAUSEN (Hershey, Pennsylvania): I'd like to com- 
pliment Dr. Olinger and his associates for a very fine paper. I do not 
disagree in principle, but perhaps on some of the particulars they have 
discussed. 

Dr. Buckberg and Dr. Maloney have convinced all of us that ventricu- 
lar fibrillation is bad for the hypertrophied heart. I do not feel this is 
necessarily true in the non-hypertrophied ventricle. 

We use ventricular fibrillation, moderate hypothermia with individual 
isolation and occlusion of the coronary artery when doing coronary 
artery bypass operations. 

Recently, we analyzed 85 consecutive cases and found only one 
death, a death related to a non-cardiac complications. Of these 85 
patients. many were done as emergencies and 21% had an ejection 
fraction below 0.4. 

Another group had ejection fractions between 0.3 and 0.2. There were 
no deaths in these patients with low ejection reactions. 

I may be slightly prejudiced about this operation, but my own feelings 
are that the UCLA group has shown this operation is safe and sound if 
done properly. whether done with brief, hypoxic arrest or with ventricu- 
lar fibrillation and hypothermia. 


DR. FRANK COLE SPENCER (New York. New York): As shown on the 
next few slides, the similarity of the important features of operative 
technique emphasized in this report and the ones we emphasize at New 
York Univearsity are striking. Dr. Wayne Isom of our group presented a 
report at the American Heart Association last November of 60 patients 
operated upon over a period of several years, all of whom had a “bad 
left ventricle" as measured by an endiastolic pressure pre-operatively 
above 20 mm Hg. There are different ways, of course, of characterizing 
"bad ventricles,” but an endiastolic pressure greater than 20 mm is 
clearly a significant feature. This slide shows a serial decrease of mortal- 
ity each year, going from a mortality exceeding 2095 in 1971 to less than 
5% in 1974. Our analysis of the striking decrease in mortality came to 
the conclusions almost identical to those reported by the authors. In 
retrospect, a subclinical infarction probably occurred in many patients 
in the past, but can be aborted, or minimized, with effective operative 
technique. A sub-clinical infarction is well tolerated in a patient with 
good ventricular function, but is disastrous in one with severe impair- 
ment of ventricular function. These principles include maintenance of 
adequate perfusion pressure, hypothermia, limitation of duration of 
ischemia to less than 15 minutes, adequate decompression of the left 
ventricle, and avoidance of long periods of ventricular fibrillation. 

A separate point of particular significance in patients with severe 
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impairment of ventricular function is not only the fact that operation can 
be done with a low mortality, but the operation appears to be beneficial 
for prolonging life. This slide shows an actuarial curve of the 60 patients 
over a period of 24 months, with a survival rate of 85% compared with a 
normal population of 95%. This 85% survival at two years is of particu- 
lar importance because several reports with non-surgical therapy have 
found the expected mortality of patients with bad ventricles approaches 
25-30% within two years. 

Hence, the paradoxical conclusion arises that severe impairment of 
ventricular function, rather than being a contraindication to operation, 
is actually a strong indication for operation. 

A separate general comment is that the best technique for performing 
coronary bypass is still evolving. It certainly is not a simple concept. 
and undoubtedly more features will be found with further investiga- 
tions. For example, the authors have found that lengthening bypass, 
repaying oxygen debt to the ventricle, rather than shortening bypass, 
has been beneficial. Excessive emphasis on a short perfusion time, at 
the expense of other factors, is clearly erroneous. 

Finally, | would like to ask Dr. Olinger two questions. The first 
concerns the origin of myocardial infarction developing during a bypass 
operation. This is clearly the main hazard of operation. On the other 
hand, emergency operations have been successfully performed for 
acute infarcts when revascularization can be accomplished within four 
to six hours after the onset of the infarction. Hence, the physiologic 
puzzle is how does an infarct evolve at the time of operation because, 
even if ischemia had been severe, it theoretically should reverse when 
bypass is completed. I imagine the answer lies with the peculiarities of 
myocardial circulation, perhaps the development of severe sub- 
endocardial edema from ischemia that impairs or stops tissue perfusion. 
However, this explanation is only hypothetical. 

My other question to Dr. Olinger is whether he would now recom- 
mend routine operation upon patients with a ‘‘bad ventricle," or would 
the recommendation for operation be based on the presence of 
symptoms. The data evolving indicates that operation can be performed 
with an acceptably low operative mortality, and long-term prognosis 
may be significantly better than that with non-operative therapy. If 
these data are valid, perhaps patients with a bad left ventricle are 
actually the leading candidates for a “prophylactic bypass''? 


DR. WILLIAM E. NEVILLE (Newark, New Jersey): I think all of us who 
perform cardiac surgery would agree we are indebted to Dr. Maloney, 
Dr. Mulder and their group for pointing out some of the deleterious 
aspects of whole body perfusion which I am sure many of us in the past 
have thought to be of negligible significance. 

For one, I have always believed that a high flow rate during perfusion 
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was a sine qua non and this was more important than maintenance of 
blogd pressure. This is especially true when one is using hemodilution 
since the peripheral resistance is lowered and tissue perfusion is aug- 
mented. However, Dr. Buckberg of that group, has pointed out that it 
is extremely important to maintain the blood pressure at least 75 mm Hg 
to prevent subendocardial ischemia during bypass. I think this is really 
an important contribution. 

It is the protection of the myocardium that I rise to discuss and wish 
to relate to you some of the work that we have done in regard to the 
myocardial lysosomes during different methods of cardiopulmonary 
bypass in dogs. 

We have obtained biopsies of the cardiac muscle during and following 
bypass. With anoxic arrest of the heart at 37 C for one hour, there is 
precipitous rise in lactic dehydrogenase in the cardiac muscle to nearly 
400% of the control, while very little change is observed in this enzyme 
in the heart muscle when the aorta is clamped for one hour with the 
temperature of the myocardium around 25 C. 

With ventricular fibrillation at normothermic temperature, the lyso- 
somes in the muscle rise off the scale but gradually decrease to fairly 
normal levels one and a half hours after perfusion. With fibrillation and 
hypothermia, there is no evidence of a release of these intracellular 
enzymes into the cardiac muscle. 

Again, acid phosphatase rises off the scale during normothermic 
anoxic arrest, but during anoxic arrest at hypothermic temperatures 
there is very little change in the enzyme. 

During normothermic ventricular fibrillation, acid phosphatase in the 
myocardium rises slightly but with hypothermic fibrillation there is no 
change whatsoever. Thus we are convinced that the heart should be 
cooled to low temperatures during bypass and the coronary arteries 
should be perfused whenever possible. 


DR. Watts RANKIN WEBB (Syracuse, New York): We, in general, 
follow almost identically the same principles in our preservation of the 
heart during the period of coronary bypass. 

I must say that in general in the past wo or three years, we have 
come to regard as the high risk group not those with the problem with 
the ventricle that they have particularly pointed out, but those patients 


who are high risk in other areas. These are the very obese, or the very 
aged and also those who have been chronic heavy cigarette smokers. 


These are the patients who give us more trouble at this time. We do 
not have severe problems with the pre-infraction syndrome or things of 
this nature. 

I was really interested in two or three of the things that they presented 
such as the 10% infarction in the postoperative period. I would like to 
know how this diagnosis is made. About two years ago, our cases were 
analyzed by our cardiologists who found we were having a 1666 inci- 
dence of new infarction by virtue of the squiggles on the EKG. Yet by 
clinical definition or anything else resembling a clinical infarction, about 
295 showed something that could be classified as infarction. 

The other thing I wanted to ask is how were they able to prevent the 
hemorrhagic infarction from occurring? We've been very successful in 
doing coronary bypass in those patients who have had occlusion within 
up to about six or eight hours after we think that the clinical infarction 
had started. On the other hand, any time we try to get past this time, we 
convert an ischemic infarct into a hemorrhagic infarct and this has been 
disastrous. 

I notice they've had at least three of these early revascularizations, 
and I wonder how they prevent this, and particularly how they diagnose 
those cases in which they feel it is safe to go ahead with early revas- 
cularization after an infarction has already occurred. 


We've also noted in our series the most dangerous period that our 
patients have is not in the postoperative period; it is in the 24 hours in 
the immediate preoperative period. We've had more patients die of 
infarctions in this period than postoperatively. We think it may be due 
to the anxiety.catecholamine release and increase platelet adhesiveness 
associated with this. As a result, in more recent experience we've 
started using mini-heparinization, about 5000 U of heparin given within 
2 hours prior to taking the patient to surgery. While many other things 
may be affected and change at the same time, we think this has been of 
great value in preventing preoperative infarction in may of our patients. 


DR. GORDON OLINGER (Closing discussion): Dr. Waldhausen, I would 
answer your comments only by saying that we still caution against 
fibrillation even though it is a successful procedure in the lion's share of 
patients that are being done with this technique. 
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lt has recently been reported that the rate of infarction using fibrilla- 
tion, with isolation of the vessel being bypassed and hypothermia. does 
cause more ischemic injury. In addition, it must be realized that in the 
fibrillating ventricle with a higher oxygen requirement, the myocardium 
distal to the coronary artery being bypassed is made even more is- 
chemic than the rest of the heart by virtue of isolation of that vessel in 
order to achieve hemostasis. 

So we think injury can occur, in spite of the fact that these patients 
may have or appear to have a benign course. 

Dr. Spencer, 1 thank you for your comments. We are glad that you 
continue to support this philosophy. We agree with you wholeheartedlv 
that it's not so much an issue of how short we can make the bypass but 
how safe we can make it. 


As far as the best technique, I think we would agree that we probably 
don't have the best technique as yet. We know that in many patients, 
those for example with significant extra-coronary collaterals, when we 
attempt to achieve what we would like to be an anoxic arrest, we 
achieve at best ischemic arrest and only after a period of several 
minutes of aortic cross clamping. This is disturbing because we know 
that the heart continues to beat, albeit slowly, and continues to require 
oxygen that is not being delivered. It would be nice if we could stop the 
heart right off the bat. 

As to the cause of new infarction, certainly the re-perfusion issue is 
one for which we don't have an answer. We've been doing a few things 
to try to avoid re-perfusion edema although not necessarily hemor- 
rhage. An example is the use of mannito! as an oncotic agent and 
avoidance of sudden increase of perfusion pressure after release of the 
aortic cross clamp, as demonstrated by you in your lab to increase 
injury significantly. I don't think we yet have the answer in this regard. 

I think the other injuries that can occur away from the site of bypass 
must be taken into consideration. It has been reported, for example. 
that patients who have internal mammary artery grafts have a lower 
infarction rate. It might seem on the surface this is because there's a 
higher patency rate. We know however that the rate of infarction is not 
necessarily related to graft patency and I would speculate that perhaps 
some of the causes of infarction are due to the extra work that the 
ventricle has to undergo if it is beating against a partial occiusion aortic 
clamp. 

We know as well that patients who have no coronary artery disease 
can sustain infarctions, and this must be a measure of altered demand/ 
supply relationships which set up an adverse situation that can lead to 
infarction. 

Dr. Neville, I can only say that it is our feeling that myocardial 
lysozymes indicate permanent muscle injury and not necessarily is- 
chemia. On the short term, I really don't know how to apply this to the 
issue I’ve been discussing here. 

We would agree, Dr. Webb, that the factors you mentioned, 
obesity—I don't know about age——and certainly cigarette smoking in- 
crease risk, particularly as related to postoperative pulmonary prob- 
lems. 

I answered some of your questions regarding infarction. Our criteria 
for infarction are primarily electrocardiographic. Except for the patients 
| ve mentioned, in that last slide, there were no infarctions that led to 
significant morbidity or mortality. Loss of preexisung R wave progres- 
sion or development of new Q waves have been our primary criteria. 
We've not been pleased that cardiac enzymes, particularly CPK, have 
been particularly revealing. Generally, patients who have infarction 
have elevation of the non-specific total CPK to more than 2000, We're 
just beginning to analyze our patients with myocardial specific. en- 
zymes, and as yet I have no answers there. 1 would say that the rate of 
infarction should be lower than 10%. Cause of most of the infarctions 
could be explained in this group. and in at least two or three of them we 
could have avoided it. 

I don't know how to avoid the hemorrhagic infarct. ] think some of it 
is luck and some is timing. We take the patient to the operating room as 
soon as we can. 

Patients who were done in an intrainfarctional state in this series were 
all patients who had had their angiogram prior to the onset of the 
ongoing infarct. This, of course, facilitated our ability to get them to the 
operating room in a hurry. It seems to be a safe procedure, neverthe- 
less, in most patients and in five of the eight intrainfarctional patients 
we did, there was no evidence of infarction in the postoperative period. 
They resolved their ongoing ischemia. 1 would again emphasize that 
graft occlusion may not be the reason for myocardial infarction in many 
patients. 











































































































Selection of the Optimum Surgical Treatment of 
Stage | Melanoma By Depth of Microinvasion: 


Use of the Combined Microstage Technique (Clark-Breslow) 


HAROLD J. WANEBO, M.D., JOSEPH G. FORTNER, M.D., F.A.C.S., JAMES WOODRUFF, M.D., 


BARBARA MACLEAN, B.S., EDWARD BINKOWSKI,PH.D. 


The methods of histologic staging of primary Stage I melanoma 
and the relation to lymph node metastases and survival after 
surgery was evaluated in 151 patients with extremity melanoma 
only. Microstaging by depth of invasion showed a better prognos- 
tic correlation than by histologic typing (into superficial spread- 
ing, or nodular melanoma). A correlation existed between depth 
of invasion (Clark’s levels) and incidence of nodal metastases at 
elective node dissection. This incidence was 5% at Level II, 4% at 
Level III, 25% at Level IV and 75% at Level V. The measured 
depth of invasion added prognostic insight to each Clark's level; 
the minimal invasion at which nodal metastases occurred was 0.6 
mm for Level II, 0.9 mm for Level IH, 1.5 mm for Level IV and 
over 4 mm for Level V. The 5 year disease-free survival after 
surgery was 100% for Clark Level II, 88% for Level HI, 66% for 
Level IV and 15% for Level V. There was a direct relation 
between the measured depth of invasion and survival and mortal- 
ity from disease at 5 years. Mortality from disease at 5 years could 
be directly equated with 10 times microinvasion in mm. Micro- 
staging by direct measurement gave a better prognostic correlation 
than was found using Clark's levels for more deeply invading 
melanoma. At this time there is suggestive evidence that patients 
with certain higher risk lesions may do significantly better with 
wide excision and elective node dissection than with wide excision 
alone. These high risk lesions include Clark Level III to V, lesions 
measuring 0.9 mm or greater and all nodular melanomas. 


HE OPTIMUM TREATMENT of primary Stage I melanoma 
poses a dilemma to the surgeon who must weigh the 
potential benefits and detriments to the patient of the 
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planned surgical procedure. The surgical treatments 
underconsideration are basically wide local excision 
(is it adequate?) and prophylactic lymph node dis- 
section (is the morbidity warranted?). Historically, pro- 
ponents of prophylactic node dissection have based their 
judgments on the following observations: patients with 
Stage I melanoma have a 2096 to 2596 incidence of mi 
croscopic nodal metastases and would be inadequately 
treated by wide excision alone. Survival is better in pa- 
tients with Stage I melanoma who have lymph node dis- 
section compared to those treated by wide excision only; 
there are slight benefits to patients who have prophylac- 
tic lymph node dissection and are found to have micro- 
scopic node metastases, compared to patients who are 
treated expectantly and have lymph node dissection 
when their nodes became palpable. The opponents to 
prophylactic lymph node dissection point out that four- 
fifths of patients will be subjected to needless surgery. 
There is no significant difference in survival figures be- 
tween wide excision with and without elective node dis- 
section, and survival rates are not significantly impaired 
by treating nodal areas expectantly. 

A more critical standard for selecting the surgical pro- 
cedure is now available which is based upon the stage of 
primary melanoma as assessed by the depth of microin- 
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Fic. 1. Measurement of the microinvasion of primary melanoma is given according to each Clark's level. 


vasion. Although different histologic staging systems 
have evolved (Table 1) we have used the combined mi- 
crostage technique (Clark-Breslow) which measures the 
depth of invasion by histologic landmarks (Clark's levels) 
and by direct measurement (Breslow). This microstage 
technique permits one to assess the potentials for lymph 
node metastases and the subsequent survival rate and 
recurrence rates for individual primary lesions. In this 
report we have compared the basic methods of histologic 
staging and have attempted to demonstrate which method 
most accurately predicts the biologic potential of primary 
malignant melanoma. We have also evaluated the useful- 
ness of histologic staging in comparing surgical results 
and in selecting the optimum surgical procedure for pri- 
mary Stage I melanoma. 


Materials and Methods 


During the period from 1954 to 1964 there were 306 
patients seen at Memorial Sloan-Kettering Cancer Center 
with malignant melanoma of the extremities which had 
been previously untreated except for an excisional biop- 
sy. Approximately 70% of the patients had a prior biopsy 
of the primary lesion. Two hundred and sixty-one pa- 
tients had Stage I disease with no clinical evidence of 
nodal metastases. One hundred and sixty-two patients 
had elective lymph node dissection and 99 had wide exci- 
sion only of the primary site without lymphadenectomy. 
Twelve of these latter had minor amputations for tumor 
in digits. An attempt was made to obtain primary slides 
and/or paraffin blocks in all cases. This study is based on 
151 cases for which adequate material was obtained. One 
hundred and thirteen of these patients had been treated 
by lymph node dissection and 38 by wide excision only. 


All microscopic slides were reviewed by the same 
pathologist (JMW) and the primary melanoma designated 
as to type, (nodular, superficial spreading, or lentigo- 
maligna melanoma) as defined by Clark et al. Superficial 
spreading melanoma shows Pagetoid dusky melanoma 
cells that extend within the epidermis for a distance 
greater than three rete pegs peripheral to the area of 
invasive melanoma. In nodular melanoma the peripheral 
intraepithelial spread is less than three rete pegs. Lentigo- 
maligna melanoma is a melanoma arising in Hutchin- 
son’s melanotic freckle. In addition to these three types 
we found a fourth morphologic type of melanoma which 
we refer to as melanoma of squamous mucosae. In this 
type there is a lateral junctional spread of atypical vac- 


Melanoma of Extremities 
HISTOLOGIC CLASSIFICATION 


1. TYPE 
A. Superficial Spreading Melanoma 
B. Nodular Melanoma 
C. Lentigo Maligna Melanoma 
D. Melanoma of Squamous Mucosa 


. DEPTH OF INVASION 
A. Histologic Land Marks 
Allen and Spitz - 1953 
Lund and ihnen - 1955 
Petersen, Bodenham., Lloyd - 1962 
Mehnert and Heard - 1965 
Clark, From, Bernardino and Mihm. - 
B. Measured Depth of invasion 
Breslow - 1970 
Hansen and McCarten - 1974 
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Melanoma of the Extremities - 1954 - 1964 


RELATIONSHIP OF MEAN DEPTH OF INVASION TO MEAN WIDTH 
OF THE PRIMARY TUMOR 


Level V 


invasion in mm. 


’ 


Level IV Fic. 2. Relation of mean 


width + S.E. to mean 

depth + S.E. are shown 

for lesions at each Clark's 
Level III . level. 


Mean depth of 
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Mean width of primary tumor in mm 


uolated melanocytes that resemble those seen in Results 
lentigo-maligna.? However, this variety of melanoma 
usually is not preceded by a known longstanding freckle and 
most often presents in squamous mucous membranes.?? 

The thickness of each primary lesion was determined 
by using Clark’s levels of involvement and also by direct 
measurement. The latter was done by using a hand opti- 
cal micrometer and measuring in millimeters the 
maximum depth of penetration of melanoma cells be- 
neath the granular layer of epidermis. As defined by 
Clark et al.? Level I represents a malignant melanoma 
confined to the epidermis (Fig. 1); Level II shows inva- 
sion of the papillary dermis with at most only a few 
melanoma cells extending to the reticular dermis; Level 
III demonstrates tumor accumulating along the interface 
between papillary and reticular dermis or intrusion of a 
few melanoma cells into the upper reticular dermis; Level 
IV shows tumor extension into the reticular dermis; and 
Level V shows its extension into the subcutaneous fat. 
The extent of the papillary dermis in such sites as skin of 
the elbow, knee, subungual area and sole of the foot is 
poorly defined on histologic sections and as a result the 
determination of levels of invasion in these areas proved to 
be highly subjective. 

The clinical information sought included age, sex, site 
of primary lesion, presence of ulceration or bleeding, 
mode of treatment and disease status (No Evidence of 
Disease, Dead of Disease, Dead of Other Causes or l l l 
Status Unknown). The patients were followed up to 10 Microstaging by Clark's Levels 
years. There were no losses to followup at 5 years and 2 The microstages of the primary lesions are categorized 
were lost to followup between the fifth and tenth years. according to Clark’s levels in Fig. 1. All of the 


There were 44 males, and 107 females, ranging in age 
from 23 to 75. The mean age was 47 years and the median 
age fell in the fifth decade. Twenty-five per cent of the 


melanomas occurred in the upper extremities (distal to 
the acromion) and 75% were in the lower extremities 
below the inguinal ligament. Lymph node dissection with 
a continuous or a discontinuous resection of the primary 
lesion was performed in 113 patients. Thirty-eight pa- 
tients were treated with wide local excision only. 

Typing (nodular melanoma, superficial Spreading 
melanoma, lentigo maligna melanoma, melanoma of 
Squamous mucosae). The histologic type was deter- 
mined in 147 of 151 lesions according to Clark’s criteria. 
There were 88 cases of superficial spreading melanoma, 
55 nodular melanomas, four melanomas of squamous 
mucosae and no lentigo maligna melanoma. The 
melanomas of squamous mucosae occurred in either sub- 
ungual locations or on the sole of the foot. The distribu- 
tion of superficial spreading melanomas was about the 
Same as nodular melanomas. About one-third of each type 
occurred in the upper extremities and the remainder in 
the lower extremities. An exception was present in the 6 
subungual melanomas (all upper extremity): four of these 
were superficial spreading melanoma and two were 
melanoma of squamous mucosa. Four melanomas could 
not be typed according to Clark’s criteria. 
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COMBINED MICROSTAGE TECHNIQUE 


MELANOMA OF THE EXTREMITIES: 
MEAN CONFIGURATION OF PRIMARY LESION 


CLARK LEVEL i 


NO. OF PATIENTS 


Fic. 3. Schematic rep- 
resentations of the config- 
urations of the primary 
melanoma as classified by 
Clark's level and histologic 
type, were constructed 
using the mean depth, 
width and cross sectional 
areas of individual lesions. 


MEAN DEPTH (mm) 
MEAN WIDTH (mm) 
CROSS-SECTION AREA (mm) 


NO. OF PATIENTS 


MEAN DEPTH (mm) 
MEAN WIDTH (mm) 
CROSS-SECTION AREA (mm) 


melanomas arising in the sole, heel and instep invaded to 
Clark's Level HI, IV or V. The bulk of the lesions of the 
lower leg (ankle to knee) and forearm were Level II, IH 
or IV. There were 6 patients with subungual lesions; 
three were Level II, two were Level IH and one was 
Level IV. No palm lesions were present. 


Measurements of the Primary Tumor 


The measurements of the mean depth of invasion and 
its relation to tumor invasion as defined by Clark's levels 
are shown in Fig. 1. The measurement of the individual 
tumor width was also done using the micrometer. Because 
of the limitation of primary material in many instances the 
width measured represented less than the maximum di- 
ameter of the melanoma. There was a progressive 
increase in total tumor size (as defined by the mean 
cross sectional area—depth x width) of each lesion 
with increasing levels of invasion. The direct meas- 
urements of the primary lesions as histologically typed 
into superficial spreading melanoma and nodular 
melanoma and microstaged according to Clark’s levels is 
shown in Fig. 3. A schematic configuration which was 
constructed from this data is also shown. Nodular 
melanoma showed a greater measured vertical growth 
pattern evident at Levels HI to V (P<0.01). Superficial 
spreading melanoma showed a greater measured width 
(lateral growth) from levels III to V. (P<0.01). The mean 
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cross sectional area constructed from a summation of 
cross sectional areas of individual tumors shows a greater 
cross sectional area for nodular melanoma at Levels HI 
to V (P=.05). 


Correlation of Microstage by Clark's Level With Nodal 
Metastases 


Prophylactic node dissection was performed in 113 pa- 
tients. Two-thirds of the dissections were for lower ex- 
tremity lesions. The incidence of lymph node metastases 
was 4% (1/19 patients) at Level I], and 4% at Level HHI 
(2/46 patients). At Level IV 25% of 44 patients had nodal 
metastases and at Level V the incidence was 70% (3 of 4 
patients). 


Correlation of Direct Measurement of Microinvasion 
with Nodal Metastases Found At Elective Node Dissec- 
tion 

No patient had nodal metastases in a group of 8 pa- 
tients who had an elective node dissection for primary 
melanoma measuring <0.6 mm. Two of 22 patients had 
nodal metastases at elective node dissection for 
melanoma invading 0.6 to 1.0 mm. The depth of invasion 
in these two lesions was 0.6 mm and 0.9 mm. For 
melanoma invading 1.1 to 1.5 mm, one of 19 had nodal 
metastases (5%) and for melanoma measuring 1.6 to 2.0 
mm, one of 13 (8%) had nodal metastases. The rate of 
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TABLE 2. 
MELANOMA OF THE EXTREMITIES (1954 — 1964) 


MICROSTAGE STUDY 
ELECTIVE NODE DISSECTION 


5 Year 
% Survival 


NED 
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nodal metastases was 22% (five of 23) for lesions invading 
2.1 to 3.0 mm and 39% (nine of 23) for lesions invading 
beyond 3.1 mm. 


Comparison of Results of Wide Excision Only With Wide 
Excision and Elective Node Dissections 


There were no recurrences and determinate disease 
free survival was 100% in patients with Level H mel- 
anoma at 5 and 10 years after treatment (Tables 2 and 
3). There were no differences between those patients who 
had elective node dissection versus those who had wide 


excision only as treatment. Of 46 patients with Level HI 
melanoma who had elective node dissection, 43 were 


TABLE 3. 
MELANOMA OF THE EXTREMITIES (1954 —1964) 


MICROSTAGE STUDY 
ELECTIVE NODE DISSECTION VS. NO DISSECTION 


10 Years 


Clark's % Survival 


LN 
Dissection 


No 
Dissection 


Recurrence 
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surviving disease-free at 5 years (93%) compared to a 5 
year disease-free survival in 8 of 12 patients who had 
wide excision only. (X* = 4.17, P«0.05). At 10 years 
there were 38 survivors in the dissected group versus 7 in 
the non-dissected group. This was not significant. Of 44 
patients who had node dissection for Level IV melanoma 
68% survived disease free for 5 years. Eleven patients 
had lymph node metastases. Of these, 8 had recurrence at 
5 years and only 3 survived with no evidence of disease at 
5 years (27%). Of 33 patients with negative lymph node 
metastases, only 6 recurred and 27 survived with no 
evidence of disease (82%) at 5 years. In contrast, 57% 
of 14 patients who had wide excision only survived 
5 years with no evidence of disease. At 10 years 61% 
of the patients who had lymph node dissection were 
surviving free of disease and 43% of those who had 
wide excision only were surviving free of disease. 
Table 4 These survival differences are not statistically 
significant. The number of patients in the Level V is too 
small for comparison of the two treatment modalities. Of 
the two patients who had wide excision only, one died 
from disease at 7 years, and the other was still free of 
disease at 10 years. Three of 4 patients in the dissected 
group had lymph node metastases and all 3 developed 
recurrence and were dead within 13 to 16 months. The 
remaining patient without lymph node metastases died 
from melanoma at 26 months. 


The Prognostic Significance of Measured Depth of Inva- 
sion 


The correlations between the measured depth of inva- 
sion and the incidence of regional lymph node metastases 
and 5-year survival are given in Table 5. There were no 
patients who had a primary melanoma invading less than 
0.6 mm who developed regional nodal metastases and the 
survival in this group was 100% at 5 and 10 years. The 
5-year survival was also excellent for melanomas measur- 
ing 0.6 to 1.0 mm in depth although there were two 
patients who had regional nodal metastases in this group 
(in one the depth of microinvasion was 0.6 mm and in the 
other it was 9.0 mm). Melanomas measuring 1.0 to 2.0 
mm were associated with a 6% incidence of nodal metas- 
tases and a 5-year survival (NED) of 83%. Melanomas 
that penetrated from 2.1 to 3.0 mm were associated with a 
22% rate of nodal metastases and a 5-year disease free 
survival of 5896. Patients who had lesions invading be- 
yond 4.0 mm had a 50% incidence of regional nodal 
metastases and a 5-year survival of only 48%. 


Survival According to Histologic Type 


Eighty-eight patients had superficial spreading 
melanomas and 74 of these were living free of disease at 5 
years (84%). Of 55 patients with nodular melanomas 
there were 38 (69%) who survived 5 years without dis- 
ease. There were 4 patients with melanoma of squamous 
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mucosa. Two of these survived 5 years free of disease. 
However, one additional patient died of metastases 129 
months after wide excision. 

The survival figures were also plotted for the histologic 
types within each of Clark’s level of microinvasion. For 
Level Hl melanoma there was only one nodular melanoma 
and one melanoma of squamous mucosa and the remain- 
ing 27 were superficial spreading melanomas. All sur- 
vived with no evidence of disease for 5 years. For Level 
II the disease free survival was 89% for 35 patients with 
superficial spreading melanoma and 77% for 22 patients 
with nodular melanoma. For Level IV melanoma the 
disease free survival at 5 years was 63% of 24 patients 
with superficial spreading melanoma and 68% of 28 pa- 
tients with nodular melanoma. At Level V one of two 
patients with superficial spreading melanoma, and none 
of 4 patients with nodular melanoma were counted among 
the 5-year survivors. 


Mathematical Analysis of Microstage Technique: A 
Comparison of Clark's Leveling Technique With the 
Measured Depth of Invasion. 


The 5-year survival curves in Figs. 5 to 9 were con- 
structed using survival as a function of the depth of 
invasion. The patients were grouped according to size, 
proceeding from the smallest lesions to the most deeply 
invading lesions. For statistical consideration of accura- 
cy, the optimum size of these individual groups was de- 
termined to be about 20. A median depth of invasion and 
corresponding 5-year survival rate was calculated for 
each group and points then constructed on a graph relat- 
ing survival and depth of invasion. The curve constructed 
from the sets of depths of invasion (and survival) was 
smoothed out by a technique of Beaton and Tukey. Sur- 
vival curves constructed this way more accurately reflect 
the true relation of survival to size without resorting to 
arbitrary choice of categories of lesion size. The same 
technique was used to construct the curve ‘Predicted 
From Clark’s Levels’ but here all the sets were consid- 
ered as they appeared within each Clark level before 
using sets of the next Clark level. As will be seen, there 
was significant overlap of sets between Clark levels 
which causes a flatter curve than one constructed from 
sets composed of progressively increasing lesion size. 

By using the measured maximum diameter and mea- 
sured depth of invasion of individual lesions one can 
construct an idealized schematic model of the configura- 
tion of melanoma according to the histologic type (nodu- 
lar or superficial spreading melanoma (SSM) ) and 
Clark's levels (Fig. 3). Analysis of composite figures con- 
structed from individual tumor measurements showed 
that SSM had a greater lateral growth (P<0.01) compo- 
nent whereas nodular melanoma had a greater vertical 
growth component (P<0.01) and generally was more 


COMBINED MICROSTAGE TECHNIQUE 


TABLE 4. 
MELANOMA OF THE EXTREMITIES (1954 —1964) 


MICROSTAGE STUDY 
ELECTIVE NODE DISSECTION VS. NO DISSECTION 


Clark's 
Level 


LN 
Dissection 


I 


deeply invading at all Clark's levels. The cross sectional 
area of nodular melanoma was greater than that of SSM 
at Levels III and IV (P=.05). 


% Survival 
NED © 


100 
100 


93 


No 


Recurrence ' : 
Dissection 


Incidence of Nodal Metastases 


The incidence of nodal metastases in patients with 
elective node dissection varied according to the mea- 
sured depth of invasion and to Clark’s levels. There was a 
progressive increase in nodal metastases with increasing 
depth of microinvasion by either microstage technique. 
The distribution of primary tumors as categorized by 
depth of invasion showed a similar bell-shaped or norma! 
distribution within each Clark’s level (Fig. 4). There was 
a significant overlap of melanomas which were classified 
into individual Clark levels when they were grouped ac- 
cording to measurement (Fig. 4). 


Comparison of Clinicopathologic Correlation Using 
Clark's Method of Leveling and the Measured Depth of 
Invasion 


The measured depth of invasion appeared to show a 


TABLE $5. 


MELANOMA OF THE EXTREMITIES (1954—1964) 
Correlation of Measured Depth of Invasion with 
Regional Lymph Node Metastases and Overali Survival 


Patients 


Depth of l 
Regional Lymph Nodes 


invasion 
(mm) 








































































































































































































WANEBO AND OTHERS 


MELANOMA OF EXTREMITIES (STAGE I) 


DISTRIBUTION BY DEPTH OF 
MICROINVASION 


LYMPH NODE METASTASES 
(3 of 4] 
(75%) 


(11 of 44) 
(25%) 


(2 of 46) 
(4%) 


(! of 19) 
( 5 96) 


25 Re. LO 2O 40 80 160 
Depth of microinvasion (mm) 


Fic. 4. Distribution of primary melanomas according to depth of mi- 
croinvasion, by Clark's levels and by direct measurement, as plotted on 
semi logarithmic graph. The incidence of nodal metastases is noted on 
each distribution curve. 


more accurate relationship with survival and mortality in 
comparison to similar correlations using Clark’s levels 
(Fig. 5). At deeper levels of invasion use of the Clark level- 
ing technique to predict mortality consistently underesti- 
mated the mortality rate, whereas at superficial lower 
levels of invasion use of Clark levels more closely ap- 
proximated the observed mortality. There was an over all 
close correlation of the measured depth of invasion with 
5-year mortality from disease. Thus the mortality was 
15% for melanoma invading 1.5 mm, 30% for melanoma 
invading 2.0 mm, 40% and 50% respectively for 
melanoma invading 4.0 mm and 5.0 mm. A rule of thumb 
could be stated that the 5-year mortality rate was 10 times 
the measured depth of invasion in mm. 


Comparative Cure Rate of Wide Excision Alone Versus 
Wide Excision and Node Dissection 


The measured depth of invasion permitted a more dis- 
criminating comparison of the 5-year results of primary 
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surgical therapy— wide excision alone or wide excision 
and lymph node dissection (Fig. 6). The survival curves 
for each treatment modality begin to diverge at a depth of 
invasion of 1.5 mm and the differences become quite 
distinctive at 2.0 mm of invasion. The survival curve 
shows a precipitous downward slope in the group that 
had wide excision only thereas the survival is markedly 
improved in patients who had elective node dissection. 
Although the angle formed by the divergence of the sur- 
vival curves suggests a significant difference between 
results of wide excision alone and wide excision with 
node dissection. The numbers are too small to establish 
statistical significance. To substantiate statistical signifi- 
cance about 40 to 50 additional cases are needed. 


Relation of Histologic Type to Survival. Effect of Treat- 


ment and Influence of Depth of Invasion. 


The effect of treatment on survival curves according to 
histologic types and depth of microinvasion is shown in 
Fig. 7 to 9. In patients with superficial spreading 
melanoma the angle of divergence between the survival 
curve for the two treatment modalities occurred at 2.75 
mm of invasion (Fig. 7) at which point patients having 
node dissection fared better than those having wide exci- 
sion alone. The difference between wide excision and 
node dissection was more obvious in patients with nodu- 
lar melanoma (Fig. 8). The survival curves of patients 
having wide excision alone and those having node dissec- 
tion showed a striking divergence at the 1.0 mm level. 
The patients having wide excision only showed a pre- 
cipitous drop in survival rate compared to the im- 
proved survival in patients having wide excision and 
lymph node dissection (Fig. 8). The difference between 
wide excision and prophylactic node dissection is most 


TABLE 6. 


Melanoma of the Extremities (1954 - 1964) 
COMBINED MICRO STAGE STUDY - 
SUMMARY 


4. The measured depth of invasion adds 
prognostic insight to each Clark's level. 
The minimal invasion at which nodal 
metastases occurred was 0.6 mm at 
Level ll, 0.9 mm at Levellll, 15mm at 
Level IV and 4.4 mm at Level V. 


1. The depth of invasion gives the best 
correlation with clinical course after sur- 


gery. 5. The measured depth of invasion 
Showed a better correlation with survival 
than Clark's level for more deeply in- 
vading melanoma 


2. A correlation exists between the 
depth of invasion both as directly 
measured (Breslow) and as determined 
by Clark's level, and disease free sur- 
vival, 


6. The measured depth of invasion 
Showed a direct correlation with 5 year 
mortality. 

3. Correlation exists between Clark's 
level of invasion and incidence of nodal 
metastases at elective node dissection. 
This incidence is: 5% for Level Il, 4% 
for Levellll, 25% for Level IV and 75% for 
Level V. 


7. The depth of invasion as determined 
by the combined micro stage technique 
(Clark-Bresiow) provides a useful stan- 
dard for evaluating surgical results and 
selecting optimum treatment for primary 
melanoma. 
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COMBINED MICROSTAGE TECHNIQUE 


Melanoma of the Extremities 


CORRELATION OF MICROSTAGE WITH SURVIVAL AND 
MORTALITY RATE AT 5 YEARS 


CLARK'S LEVEL VS MEASURED DEPTH OF INVASION 


Observed — 
depth of 


Fic. 5. Comparison of the of invasion 


five year mortality/survival 
curve constructed accord- 
ing to Clark’s levels and 
the measured depth of in- 
vasion. For more deeply 
invading melanoma the 
measured depth of invasion 
showed greater prognostic 
accuracy. 


W 
© 


5 yr survival NED (76) 
year death rate 
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apparent in survival curves drawn for both SSM and 
nodular melanoma (Fig. 9). Overall, patients with either 
histologic type had markedly improved results when 
node dissection was done for any lesion showing greater 
than 1.0 mm of microinvasion. 

A second major observation in this material was that 
patients with SSM have a similar, if not worse, prognosis 
than patients with nodular melanoma, if one compares 
patients with like treatments who have lesions showing 
similar depth of invasion. Although patients with nodular 
melanoma have a worse prognosis than patients with 
SSM when they are compared as groups, there is no basic 
difference if one compares lesions of similar microstage. 


Prognostic Significance of the Combined Microstage 
Technique (Combined Measured Depth of Microinvasion 
and Clark's Level of Invasion) 


Relation to Regional Node Metastases. The least 
depth of invasion of primary melanoma which was as- 
sociated with regional node metastases was a Level H 
melanoma which measured 0.6 mm. At Level III there 
were two patients who had lymph node metastases at the 
time of elective node dissection. In one, the primary 
measured 0.9 mm and in the other, 2.1 mm. For Level IV 
melanoma the minimal depth of invasion of the primary 
lesion at which nodal metastases occurred was 1.5 mm. 
The remaining lesions associated with nodal metastases 
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LEVEL IZ 


4 5 6 
Depth of microinvasion (mm) 


all measured 2.0 mm or greater. At Level V all lesions 
were deeply invading and penetrated beyond 4 mm and 
three of four patients in this group had nodal metastases 
at elective node dissection. 

Relation to Survival. The relative merits of measured 
depth of invasion to survival and its comparison with 
prognostic significance of Clark's levels was shown in 
Fig. 5. The reasons for the greater prognostic accuracy in 
the direct measurement group is apparent by examining 
Fig. 9. There was a major overlap of measured Level IH 
lesions with Level II and Level IV lesions (Fig. 10). In 
Levels III and IV there are appreciable numbers of pa- 
tients with more superficially invading melanoma, i.e. 
penetrating less than 2.0 mm in whom the survival rate is 
quite good. The same levels also have groups of patients 
with more deeply invading lesions in whom the survival 
drops appreciably. When one constructs à survival curve 
froma series of mean values from a single level, there is an 
artificial flattening out of the curve because it includes pa- 
tients with favorable, more shallow, lesions and patients 
with deeply invading lesions who have poor survival. Thus 
the curve constructed from patients with different levels of 
invasion who are grouped according to Clark's levels 1s 
flatter and less accurate than the survival/mortality curve 
constructed from depth of invasion alone (Fig. 10). 

Relation to Recurrence and Death From Disease. 
There were no 5 or 10 year failures from disease in 
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Melanoma of the Extremities of primary melanoma from histologic characteristics 
WIDE EXCISION COMPARED TO including depth of invasion was first formulated *by 
NODE DISSECTION-5 YR. SURVIVAL Allen and Spitz in 1953.! Lund and Ihnen in 1955 attempt- 
ed to identify histologic characteristics that reflected the 
100 : 
malignant potential of primary melanoma and which 
could be used to help select patients for prophylac- 
tic node dissection. They found a correlation of size and 
depth of invasion with survival and identified as high 
risk those lesions which were greater than 2 cm in width 
and lesions invading deeper than the superficial dermis. 
Their material consisted mainly of therapeutic dissec- 
Wide excision. - tious and was not adequate to document the value of 
node dissection prophylactic node dissection. A further development in 
(113 pat) staging the primary lesion occurred in a clinicopathologic 
study of 117 melanomas by Lane, Lattes and Malm 
(1958). They found that primary melanomas measuring 
2 cm in diameter and which did not have lateral junctional 
spread showed a more aggressive behavior than mela- 
nomas measuring < 2 cm and which did show lateral 
Wide junctional spread. The five year cure rate was 6196 for 
excision melanoma « 2 cm compared to 1696 cure rate for 
(38pat) melanomas > 2 cm. They found microscopic nodal 
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Melanoma of Extremities 
SURVIVAL ACCORDING TO DEPTH OF MICROINVASION 
2 3 4 © SUPERFICIAL SPREADING MELANOMA D 
Depth of microinvasion (mm) 100 — 


FiG. 6. Comparison of the overall survival curves of patients with 
melanoma treated by wide excision alone versus elective node dissec- 
tion when values were plotted against depth of microinvasion. (Wide 
excision curve drops to only 30%) 


patients with Level II melanoma. One patient died of 
metastatic melanoma at 129 months who had an initial 
primary tumor measuring 0.4 mm deep (MSM) (melanoma 
of squamous mucosa). At Level III there were four 5-year 
failures in patients who had wide excision only for melano- 
mas invading 1.7 mm, 2.3 mm, 2.3 mm and 4.2 mm. In pa- 
tients having node dissection there were three failures at 5 
years in patients who had melanoma measuring 1.1 mm, 2.5 
mm and 5.0 mm. The 5 and 10-year failures are shown in 
Figure 11. The S-year failure for Level IV in the wide 
excision group included 6 patients with lesions penetrat- 
ing 3.0mm, 3.5mm, 4.5mm, 5.2 mm, 5.5 mm and 8 mm. Of 
the patients having node dissection, there were 14 failures. 
Three patients had melanomas measuring 1.5 mm, 1.8 


mm and 1.9 mm; 6 patients had melanomas measuring 2.0 

mm to 2.5 mm in depth. The remaining included 5 pa- 

tients with lesions measuring from 2.9 mm to 11.6 mm in 

depth. At Level V all but one patient failed within two 2 3 4 5 
months and all had lesions invading 4.4 mm to 8.5 mm. Depth of microinvasion (mm) 


Lymph node dissection 


5 yr survival NED (%) 


Wide excision 


Discussion Fic. 7. Comparison of survival curves of patients with superficial 


TE spreading melanoma when results are plotted against depth of microin- 
The concept of predicting the biologic behavior  vasion. j 
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metastases in 42% of patients having prophylactic node 
dissection and quoted a cure rate of 6096 in those patients 
compared to 10% in patients having dissection for 
clinically positive nodes. 

In a subsequent study Petersen, Bodenham and Lloyd 
proposed a system of microscopic staging which was 
based on depth of invasion and which correlated with 
survival? No attempt was made to assess the value of 
the methods in selecting patients for node dissection (the 
author treated nodes expectantly). It remained for 
Mehnert and Heard to apply the principle of microscopic 
staging by depth of invasion in their evaluation of results 
of surgical treatment of primary melanoma.'® They found 
that in situ melanoma (Stage 0) could be treated by local 
excision. Superficially invasive melanoma (limited to papil- 
lary dermis superficial to deepest extension of rete pegs 
which they called Stage I) did well with wide local exci- 
sion, 5-year survival 77%) but some additional benefit 
was obtained by prophylactic regional node dissection 
(10076 5-year cure rate). They raised the question here 
whether the added survival obtained was worth the mor- 
bidity of node dissection. They strongly recommended 
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SURVIVAL ACCORDING TO DEPTH OF MICROINVASION 
NODULAR MELANOMA 


100 


Lymph node dissection 
(43 pat ) 


Wide excision only 
(14 pat) 


Depth of microinvasion (mm) 


Fic. 8. Comparison of survival curves of patients with nodular 
melanoma when results were plotted against depth of microinvasion. 
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COMPARATIVE SURVIVAL ACCORDING TO HISTOLOGICAL 
STAGE AND DEPTH OF MICROINVASION 

TREATMENT 
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LYMPH NODE DISSECTION 
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spreading melanoma 
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Fic. 9. Composite of survival curves of superficial spreading melanoma 
and nodular melanoma according to surgical treatment when results are 
plotted against depth of invasion. 


prophylactic node dissection for patients with intrader- 
mal melanomas (their Stage ID. The 5-year survival in 
this group was 25% (20 patients) after local excision, 
compared to 7546 survival after prophylactic node dissec- 
tion (12 patients). Patient survival with Stage III 
melanoma (invading subcutaneous tissue) was poor and 
they recommended local excision only as they considered 
these patients to be beyond help of extensive surgery. 
Although Clark extended the microstaging system to 5 
levels and clarified the significance of the typing (superfi- 
cial spreading melanomas, nodular melanomas and len- 
tigo maligna melanomas) he did not relate the survival 
results to treatment.>’* Breslow introduced the concept 
of microstaging by direct measurement of tumor thick- 
ness, width and cross sectional area and found the best 
correlation with survival from measurement of the depth 


found that the smallest melanoma which recurred or metas- 
tasized was 0.88 mm thick, 7 mm wide and had a cross- 
sectional area of 6.16 mnr.. He found a better correla- 
tion with survival from direct measurement than from 
Clark's levels alone. He also demonstrated that by 
direct measurement there were major differences in surviv- 
al within each Clark's level. He concluded that wide local 
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Melanoma of the Extremities 
MICROSTAGE (CLARK) VS DEPTH OF INVASION 


RECURRENCE- DEATH FROM 
DISEASE 
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Depth of invasion in mm 


— — QE o 


Clarks Level 


Fic. 10. Scattergram showing the depth of microinvasion of primary 
melanoma and all patients who developed recurrence or died of disease. 
In some cases patients noted here as a ‘recurrence’ had been success- 
fully re-treated and were surviving NED. 


excision would be adequate for all patients with Stage H 
lesions as wellas Stage III lesions 0.76 mmorthinner. In his 
study 35 patients had prophylactic node dissection and 
among the 12 patients with lesions measuring 0.76 mm 
thick, or less all had negative nodes including one patient 
with a lethal Stage II lesion who died of hematogenous 
metastases. Recently Hansen and McCarten published 
findings similar to Breslow’s study. They found significant 
correlations of direct measurement of the depth of invasion 
of primary melanoma with survival and recurrence rates 
after surgical treatment.’ They also demonstrated that for 
primary melanomas measuring 1.5 mm or greater, in 
depth significant improvementin survival resulted from the 
addition of elective node dissection.? They recommended 
that local excision be done for Stage I melanomas thinner 
than 1.5 mm and that elective node dissection be done for 
lesions 1.5 mm or greater in thickness. 

In our analysis of current histologic methods of clas- 
sifying primary malignant melanoma we have evolved 
a certain understanding of their relative merits. It is 
known that the histologic type has a major influence on 
survival, and that nodular melanoma is thought to have a 
worse prognosis than found with superficial spreading 
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melanoma. A more exacting definition of their biolggic 
behavior is available through use of direct measurements. 
Direct measurement has confirmed what is apparent 
histologically—if one compares lesions within the same 
Clark level. Nodular melanomas have a greater vertical 
growth component, whereas superficial spreading 
melanomas are generally wider lesions and show a 
greater horizontal growth component. Nodular 
melanomas over all are larger lesions (greater cross sec- 
tional area) from Levels III to V. 

Within the limits of retrospective analysis and small 
numbers we have found that use of the measured depth of 
invasion augments the usefulness of Clark's level in de- 
termining the biologic malignant potential of primary 
melanomas. The depth of invasion as determined by the 
combined microstage technique (Clark-Breslow) can be 
used to help select appropriate surgical procedures for 
Stage I melanoma. It may serve as a useful guideline in 
the decision whether or not an elective node dissection 
should be done. In our series there was a low incidence 
(S96) of nodal metastases after elective node- dissection 
for Stage I melanomas which were microstaged as Level 
II. A comparison of survival rates showed no difference 
between wide local excision and elective node dissection 
for melanoma at this level. This would suggest that wide 
local excision may be adequate primary treatment for 
Level II limited to the extremities. For Level IH 
melanoma the incidence of nodal metastases was also low 
(596), however, the 5-year survival was significantly 
higher in the group receiving node dissection (93%) com- 
pared to that in the non-dissected group (6796). This 
would suggest that elective node dissection would be 
indicated in patients with Level III lesions. There was a 
much higher incidence of nodal metastases in patients 
with Level IV melanoma (25%). 

The disease free interval of patients who had node 
dissection for Level IV melanoma was 68% at 5 years and 
61% at 10 years. In comparison, the disease free survival 
in this group treated by wide excision only was 5796 at 5 
years and 43% at 10 years. These differences were not 
statistically significant but still support the beneficial role 
of elective node dissection. An added benefit here is the 
prognostic information yielded by pathologic examina- 
tion of the nodes. The 5-year disease free survival in 
patients with Level IV melanoma who had histologically 
negative nodes was 82% in contrast to 27% survival in 
those with nodal metastases. Patients with Level V 
melanoma are at very high risk as only one of 6 patients in 
this group survived 5 years. The numbers in our series 
are too small to compare surgical results. Patients who 
have had this level of microinvasion have a high inci- 
dence of nodal metastases (70%) and probably should 
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have an elective node dissection. 

The measured depth of invasion added a prognostic 
insight to use of Clark's levels. There were no nodal 
metastases at elective node dissection for melanoma in- 
vading less than 0.6 mm and 5-year survival was 100%. 
Two of 22 patients who had melanoma invading 0.6 to 1.0 
mm were found to have regional lymph node metastases 
at elective node dissection. In one patient the melanoma 
measured 0.6 mm (died of distant metastases at 71 
months) and the other 0.9 mm (alive and well at 10 years). 
A high rate of nodal metastases (22%) occurred with 
melanomas measuring 2.1 and 3.0 mm and the 5-year 
NED survival was 5896. For lesions greater than 3.1 mm 
the incidence of nodal metastases was 39% and the 5-year 
disease free survival was 55%, The measured depth of 
invasion may be useful as a supplement to Clark's level of 
invasion and may be helpful in planning therapy. Thus, a 
melanoma classified as a Clark Level II but invading beyond 
1.0 mm might preferably be treated as if it were a Clark Level 
III and require a node dissection. The 5-year survival 
drops appreciably in patients with melanoma invading 
beyond 1.0 mm which would suggest that these lesions be 
treated maximally, which in most cases would imply a 
node dissection. 

The most direct correlation of depth of invasion and 
surgical results was evident from the mathematical 
analysis of the material. In this analysis the best correla- 
tion of the depth of microinvasion with survival accord- 
ing to the surgical procedure was obtained using mea- 
sured depth of invasion. There was a major difference in 
survival for melanoma invading >1.5 mm according to 
treatment. At this level patients who had wide excision 
combined with node dissection had definite improvement 
of survival. If one uses the same analysis for melanomas 
which are histologically typed as either nodular or super- 
ficial spreading melanoma, the same results were ob- 
tained. There is a striking divergence in the cure rates for 
wide excision compared to node dissection which favors 
node dissection. The most clear cut results were found in 
patients with nodular melanoma. 

On the basis of this material and considering the results 
of other published studies one might consider the follow- 
ing as an acceptable surgical approach for Stage I 
melanoma of the extremities. Wide excision alone should 
suffice for primary Stage I melanoma of the extremities 
classified as Clark Level HI and measuring less than 
0.9 mm in depth. Prophylactic node dissection in ad- 
dition to wide local excision (either as continuous or 
discontinuous dissection) should be done for all primary 
melanomas classified as Clark Level III to V, for lesions 
showing 0.9 mm of invasion or greater at any Clark level, 
and for all melanomas typed as nodular melanoma. 
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DISCUSSION 


Dr. WILLIAM S. McCuNE (Washington, D.C.): Malignant melanoma 
is indeed a dread disease. (Slide) This is a group of 54 patients with 
malignant melanoma, all of whom had radical gland dissections. All of 
these patients have been followed from 25 to 30 years. 

The patients are divided into three groups. The first group includes 
those who had enlarged palpable and positive lymph nodes. Twenty 
seven of these are dead and only one has survived. In other words, all 
but one died and they died of malignant melanoma over a period of 25 
years. The one patient who is alive now has a brain tumor which may, in 
fact, be a metastatic lesion. 

The second group includes those who had non-enlarged nodes but 
nodes that were positive. Two of these are alive and seven dead, a slight 
improvement as a result of node dissection. 

The third group are those with negative nodes. Ten are alive over a 
25-year period and seven dead. 

(Slide) It is indeed very important for us to determine which of these 
cases should have node dissections and which ones perhaps do not need 
it. 1 think the first classification, so well presented in this paper, is a 
good one. 

However, Dr. Breslow, Professor of Pathology at George 
Washington School of Medicine has been using the thickness of the 
lesion as a method for determining prognosis. The thickness is easier to 
measure than the Clark measurements, which vary somewhat with the 
different pathologists, and has produced good results. 

Here you see the mean thickness of the lesion in millimeters below, 
plotted against the recurrence rate or metastatic likelihood above and it 
is almost a straight line. In other words, one is the function of the other. 

(Slide) Now to re-evaluate the method of measuring thickness again 
and give you a prognosis on the basis of it. First of all, these are the 
survivors free of disease after five years, a group of 130 cases. There are 
two columns, those who have had lymph node dissections in the middle 
and those without lumph node dissections at the far side. 

Lesions less than .76 mm in diameter all survived for five years, 
regardless of whether lymph node dissections were performed. 

(Slide) Lesions .76-1.5 mm in diameter had poorer results but 70% 
survived regardless of whether lymph node dissections were performed. 
In other words, these are lesions in which the surgeon must make up his 
own mind. It is up to him whether lymph node dissection should be 
performed. 

Finally, lesions larger than 1.5 mm in thickness and here, the differ- 
ence is quite remarkable. 

In those with lymph node dissections, 64% living after five years and 
free of disease; without lymph node dissections, only 31% survived. So 
in this group we feel lymph node dissections are definitely indicated. 


Dr. HiRAM C. POLK. Jr. (Louisville, Kentucky): There is some group 
of patients with melanomas who have such a good outlook they really 
aren't likely to benefit from additional adjunctive treatment and there's 
another group that's so likely to do badly that they probably will benefit 
and justify the treatment. 

The problem with the data as presented by Dr. Wanebo is that the 
local excision groups are very small and don't really allow comparison 
of treatment. However, this concept which we shared with the Associa- 
tion four years ago probably is valid for a group that does not require 
terribly aggressive treatment and another group that might benefit from 
it. 

I do think that multiple variables being considered would be more 
useful than the concept of focusing upon one parameter alone; i.e. depth 
of invasion. 

A multiple parameter analysis probably would lead us to à more 
definitive answer in each case. I’m particularly concerned by the fact 
that we continue to analyze our results of melanoma, realizing it is 
among the most immunologically responsive of all tumors, without 
putting in the fudge factor for immunologic responsiveness of the given 
patient which may be the missing factor in all of our analyses. 


Dr. JOHN W. RAKER (Boston): The survivors of the 206 melanoma 
patients who were the subject of the original analysis reported by Clark 
and Mihm are still being followed at the Massachusetts General Hospi- 
tal. The number of cases for study has now been increased to more than 
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500 and a large number have now been followed for ten years or more. 

In this unpredictable disease, an observational interval of ten years 
seems to give a more realistic picture of results than shorter intervals. 

For example, the accrued ten-year survival rate of level two patients 
in our series is about 80%. Our data support the conclusions the authors 
have reached on one important point. Of the parameters we can mea- 
sure, the depth level of malignant melanoma invasion into the skin is the 
most useful in prognosis. 

It is important to point out that the study of each primary tumor must 
involve considerable effort by the pathologist with analysis of multiple 
sections including some taken directly through the areas of tumor most 
likely to be deeply invasive. Only in this way can consistent results be 
obtained. 

Other parameters must still be considered: the location of the tumor; 
the size of the tumor; the age and sex of the patient; probably the 
mitotic activity of the tumor, if we can learn to quantitate that; and, the 
immunologic competence of the patient. 

The three clinical types originally described by Clark and Mihm and 
by McGovern and his co-workers, are still useful, 

The concept that certain malignant melanomas may remain superfi- 
cial for a protracted period before deep invasion occurs, is now well 
documented. Lentigo maligna-melanoma only invades after decades. 
superficial spreading melanoma only after years, but nodular melanoma 
almost at once. 

The importance of these clinical types is in their relation to early 
recognition of melanomas. The opportunity does exist for recognition of 
these tumors in their superficial and therefore potentially more curable 
phase. If we can train ourselves, our professional and para-professional 
colleagues, and the public to recognize the criteria for making the 
diagnosis, here is a tumor available to the eye with the only occasional 
use of a magnifying lens. If ever we can hope for a tumor accessible for 
early recognition this should be it. 

For those interested, there was an atlas for early recognition of 
melanomas published in The New England Journal of Medicine in 
November 1973. The criteria emphasized were, first, variegation in 
color, especially when shades of a bluish hue are found; second, irregu- 
larity in border outline; and, third, irregularity in surface contour. 

Since we have been discussing the criteria for early recognition of 
melanomas, there has been a gratifying increase in the proportion of 
superficial spreading melanomas we see. This group now comprises 
more than two-thirds of our new cases. Not only that, the tumors we 
have seen in the last several years have been significantly more often 
limited to the superficial skin layers. We believe we are successfully 
teaching ourselves to recognize these tumors in the early more favor- 
able stages. 


Dr. DONALD L. MORTON (Los Angeles): (Slide) Thisisaseriesof almost 
a hundred consecutive malignant melanomas seen by our group during 
the past year. It gives the number of patients with positive lymph nodes 
as a direct corollary of the level of invasion. One will note that there was 
agreement between Dr. Clark's reading and the UCLA pathologist on 
most cases except there were some differences in level three or four. 

However, since our policy is to do lymph node dissections for level 
three, four and five, it did not change our management in these patients 
who had lymph node dissections. 

Now, the ones as shown on this slide that didn't have lymph node 
dissections were due to patient refusal, primarily very thin level three's. 
But, the more pertinent question—this includes all of our 
experiences—is the patients that had clinically negative nodes. (Slide) 
This summarizes all the patients of level five melanoma who had clini- 
cally positive nodes. 

This summarizes our experience with patients of level three and level 
four who had clinically negative nodes. You will see that 16% of level 
three and 45% of level four had pathologically positive but clinically 
negative findings. 

We think that the level three may be broken down possibly further so 
that one will be able to sort out a group of level three patients, none of 
whom will have positive nodes. Thus, preventing the necessity of lymph 
node dissection in that group. 

I think this whole concept of microstaging is going to change consid- 
erably our evaluation of the surgical treatment of melanoma and the 
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postoperative adjuvant therapy because it points out a group of patients 
that has a high likelihood of recurrence where we can use our efforts for 
adjuvant therapy more wisely. 


Dr. HAROLD J. WaNEBO (Closing discussion): In reference to Dr. 
McCune's remarks, it was Dr. Breslow's very fascinating study of the 
value of the measured depth of invasion that prompted us to use this 
technique in analyzing our cases and indeed we found very similar 
correlations to those obtained by Breslow. He quoted that patients 
whose melanoma measured less than 0.76 mm in depth did not have 
lymph node metastasis and had a disease-free five year survival. We 
have reported a similar figure (0.6 mm). 


He quoted a figure of 1.5 mm (depth of invasion) as being a point 
where there was a significant survival difference in whether the patients 
had lymph node dissection or not. Indeed, this has been found by 
another group, McCarty and Hanson in Canada, who found that 1.5 mm 
was the breaking point where there was a survival difference in the 
patients who had lymph node dissection versus those with wide exci- 
sion only. 


In our material, as you can see, there does seem to be suggestive 
evidence that for melanoma measuring between 1.0 to 1.5 mm there isa 
difference in recurrence and survival figures according to treatment. 

With regard to Dr. Polk's comments, we would agree that a multi- 
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factoral analysis of this material would be illuminating and this work is 
in process. 

With reference to some of the immunologic responses, I think this is 
another field in itself and is important but beyond the scope of this 
discussion. 

In regard to Dr. Baker's comments, we thank him for bringing us up 
to date on Dr. Clark's fascinating studies which have stimulated all of us 
to examine melanoma in a more critical fashion. Also, Clark's studies 
have brought home the fact that the clinical importance of analyzing and 
detecting these lesions early may obviously bring about better survival 
figures. 

Dr. Morton's study, which was presented recently at the James 
Ewing meeting, has also pointed out the relationships of Clark's level 
and the incidence of nodal metastases in patients with clinically nega- 
tive nodes. His figures are similar to ours, although the numbers are 
generally higher which may reflect differences in patient material and 
pathology, etc. Obviously, at Level HI there was a major difference in 
incidence of nodal metastases. He had 16%. We had only 5%. 

However, we find that at Level IH there are biologic differences 
when the lesions are grouped by measured depth of invasion. Thus, 
many of the more shallow Level HI lesions are similar to Level H. 
whereas the more deeply invading Level HH metastases are biologically 
similar to Level IV. It would be interesting to know the measurements 
of the Level IH melanomas reported by Dr. Morton. 





Prophylactic Isolation-perfusion as the Primary Therapy 
for Invasive Malignant Melanoma of the Limbs 


CHARLES M. McBRIDE, M.D., EVERETT V. SUGARBAKER, M.D., ROBERT C. HICKEY, M.D. 


The most common causes of treatment failure in patients with 
malignant melanoma treated by surgical therapy alone are local 
or regional recurrences. These are presumed to be due to occult 
metastasis present at the time of the initial treatment. In an effort 
to control this occult regional disease, 202 patients with Stage I 
malignant melanoma underwent isolation-perfusion with 
1-phenylalanine mustard between the years 1960 and 1970. The 
2-5 and 10-year determinate survival rates were 98%, 86% and 
83%, respectively. In these patients, 2% developed local recur- 
rences, 3% developed intransit metastasis, 18% developed positive 
regional lymph nodes and 6% developed disseminated disease, as 
their first evidence of recurrence. Over 40% of these patients were 
benefitted by further therapy. When regional perfusion is used, 
the question of prophylactic lymph node dissection need not arise. 
There was one surgical death in this series and only a few patients 
had symptomatology referable to their limbs beyond 3 months. 


HE MOST COMMON CAUSES of treatment failure in pa- 

tients with malignant melanoma, treated by standard 
surgical therapies, are local and regional recurrences. 
These are presumed to be the sequelae of occult 
metastases present at the time of treatment of the pri- 
mary lesion. This clinical setting requires a highly ef- 
fective regional therapy with an acceptable morbidity, 
since many patients will do well with local therapy 
only. Other patients may have occult disseminated 
disease. At the present time, it is impossible to identify 
those patients who might benefit from regional chemo- 
therapy and, therefore, any such treatment must be 
applicable to all. 


In clinical Stage I malignant melanoma, ë occult metas- 
tasis present at the time of the initial treatment may take 
the form of (1) occult local disease, which may produce 
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recurrence in up to 20% of patients even after adequate 
excision of the primary lesion, (2) occult metastasis 
"intransit" in the lymphatics between the primary site 
and the regional nodes, which may become imbedded and 
grow to produce metastases in approximately 20% of 
patients, (3) occult metastasis in the regional lymph 
nodes which, if left in situ, may produce clinical disease 
in more than 30% of patients and (4) the occult systemic 
metastases, which appear as disseminated melanoma 
without prior regional disease in approximately 15% of 
patients. 

Although the problem of recurrences is common to 
malignant melanoma of all primary sites, truly regional 
therapy in the form of regional chemotherapy, is applica- 
ble primarily to lesions which arise on the limbs. Only for 
the limbs is the region of potential involvement definitely 
identified and in an area which can be isolated thus mak- 
ing regional isolation a practical procedure. Originally, 
regional chemotherapy was conceived as an adjuvant to 
the standard therapy of malignant melanoma; that is, a 
wide local excision and regional lymph node dissection. 
AS experience was gained, however, it has been found 
possible to locally excise the primary lesion and to ob- 
serve the lymph nodes for progression in patients after 
the potential local or regional recurrence areas had been 
treated by chemotherapy. 

Almost since it was first described in 1957," isolation- 
perfusion has been used at the University of Texas Sys- 
tem Cancer Center M.D. Anderson Hospital and Tumor 
Institute as the preferred therapy for patients with Stage I 
malignant melanoma on the limbs. Over the years, a 
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trend toward increased survival seems to have been es- 
tablished.?"? The study reported here retrospectively re- 
views a group of patients treated by isolation-perfusion 
and compares this group with a group of patients with the 
same stage of disease, treated at this institution by many 
of the same surgeons, before the adoption of perfusion 
therapy. The different time eras and the possible chang- 
ing pattern of referrals are recognized, indeed, no claim is 
made that these groups are strictly comparable; however, 
they are similar groups of patients and it is of great 
interest to compare and contrast them with each other as 
well as with similar patient groups reported in the litera- 
ture. 


Clinical Material 


Between the years 1960 and 1970, 202 patients with 
Stage I malignant melanoma (invasive to at least the level 
of the reticular dermis)? underwent 244 isolation- 
perfusions using l-phenylalanine mustard. Of these 202 
patients, 92 are available with a followup of at least 10 
years; these 92 will be classified as the observed perfu- 
sion group of patients for this study. From 1948 to 1959, 
71 patients with Stage I malignant melanoma treated by 
conventional surgical therapy were seen at M. D. Ander- 
son Hospital; these 71 will be identified as the historical 
surgical controls. Most of these latter patients (62%) were 
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treated with wide local excision and regional lymph node 
dissection. The group of patients with lesions on the hand 
were offered forequarter amputation and those with le- 
sions on the feet were offered a hindquarter amputation. 
Other patients, because of age, infirmity, or refusal of 
extensive surgical procedures, were treated by wide local 
excision only. Some patients had less than a complete 
regional node dissection. In all patients, the primary 
malignant melanoma was invasive to Clark's Level HI," 
or below, according to the clinical staging system used 
for malignant melanoma.” 

The age distribution for the groups of patients is given 
in Fig. 1, the distribution by sex and limb in Fig. 2 and the 
distribution by site of primary origin in Table |. As a 
group, the perfusion patients tended to be younger and 
included 10% more females. To some extent this demon- 
strates the reluctance, in the early years of isolation- 
perfusion, to treat patients of advanced age because of 
possible vascular complications. In recent years, how- 
ever, the experienced clinical evaluation of the car- 
diovascular system is more discriminatory than the stated 
chronological age in weighing the possible beneficial ef- 
fects of perfusion against possible adverse reactions. 

The perfusion techniques has anatomic limitations and 
biases. The positioning of the proximal tourniquet for 
isolation of the limbs does not permit adequate perfusion 
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Patient Distribution by Sex and Limbs Involved 


|__| Historical Controls (N=71) 
Perfusion Patients (N=92) 


Percent of Patients 


Lape 
P 


Upper Limbs 


Males 


of lesions situated proximal to the insertion of the deltoid 
tendon. Melanomas which occur in this region, however, 
are included in the earlier surgical series as upper limb 
melanomas but are excluded from the prefusion series. 
Most patients having perfusion as their primary treatment 
for a limb malignant melanoma had lesions distal to the 
elbow and the knee (Table 1). These sites effectively 
precluded an en bloc resection which should give the best 
results in the series using surgical resection alone, espe- 
cially in the group of patients with lesions occurring in the 
deltoid region. 

In the group of 202 perfused patients, 244 perfusions 
were done. Most patients receiving a second perfusion 
were those with a primary lesion on the foot or ankle who 
underwent a popliteal perfusion. This was followed in 6 


Fic. 2. Females in the perfu- 
sion patients exceed the his- 
torical surgical controls by 
about 10% and most of these 
females have lower limb le- 
sions. 


weeks by iliac dissection and perfusion in an attempt to 
neutralize the poorer prognosis for lesions in these loca- 
tions since these sites are constantly traumatized and 
thus are more liable to discharge cells into lymphatics, or 
into small blood vessels and thus promote metastasis. All 
perfusion patients had a local excision of the primary 
lesion. Most excisions were closed primarily excepting 
lesions on the hand and foot which may require a skin graft 
(seldom was this larger in size than a silver dollar). Sub- 
ungual lesions were treated by amputation of the digit 
through the metacarpophalangeal joint. For most patients 
in the perfusion group, the regional nodes were observed 
and only resected in the event that they became clinically 
positive during the period of observation. No systemic 
adjuvant modalities, such as chemotherapy or im- 


TABLE l. Distribution of Melanomas by Site of Primary Origin 


Palmar or 
Subungual 


Historical 
Surgical Group 

Perfusion 
Patients 


5 ( 7%) 


1 ( 1%) 
Plantar or 
Subungual 
Historical 

Surgical Group 
Perfusion 
Patients 


14 (20%) 


13 (14%) 


Below Elbow 


Below Knee 


46 (50%) 


Others Above 


Elbow Total 


6 ( 8%) 22 (31%) 33 (46%) 
i9 (21%) 


Others 


4 ( 4%) 
Above 
Knee 


24 (26%) 
Total 


16 (23%) 8 (11%) 38 (54%) 


9 (10%) 68 (74%) 
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Fic. 3. Operating room 
set-up for an axillary perfu- 
sion with a low-flow (50-500 
cc/min) pump oxygenator 
with a heat exchanger. The 
armand patient are elevated 
to promote venous return to 
the pump. 


munotherapy, were used for the perfusion group of pa- 
tients. (Some of the group receiving surgery alone, how- 
ever, were treated during the period when trials were 
being run on oral l-phenylalanine mustard as 
chemotherapy and rabies vaccine as immunotherapy. 
Neither agent appeared to have any effect on the course 
of the disease.) In one sub-group undergoing isolation- 
perfusion, 11 patients had a regional lymph node dissec- 
tion (clinically negative axillae) with subsequent whole 
organ studies of the axillary contents to judge the efficacy 
of the clinical opinion in staging the axilla and to deter- 
mine the number of occult metastases in nodes. These 
dissections were not considered to be a part of the usual 
therapy. 


Perfusion Method 


The limbs to be perfused were isolated by proximal 
tourniquets and connected to a low-flow perfusion pump 
with a pediatric bubble oxygenator and a heat exchanger 
(Fig. 3). The limbs were heated and monitored in an 
attempt to keep the limb temperature below 39 C. The 
perfusion flow rate for iliac or femoral perfusions was 
kept above 100 cc/min and above 50 cc/min for axillary or 
popliteal perfusions. The chemotherapeutic agent used 
for all perfusions was l-phenylalanine mustard and the 
doses were approximately 1.5 mg/kg for iliac and femoral 
perfusions and | mg/kg for axillary and popliteal perfu- 
sions. Some adjustments were made for skin color and 
the age and habitus of the patients. The drug was circu- 
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lated in the limb for a period of 45 minutes after which it 
was washed out with Macrodex and the limb refilled with 
blood. Systemic heparinization was used during the per- 
fusions and was reversed with protamine sulphate after 
washout and before the local excision of the site of the 
primary melanoma was begun. In those patients undergo- 
ing iliac or femoral perfusions, where the doses of drugs 
are high, possible leakage into the systemic circulation 
was monitored using a probe over the heart to detect the 
emissions from radioiodinated serum albumin injected 
into the pump circuit. This safeguarded against excessive 
leakage of potentially lethal drug into the systemic circu- 
lation and, thus, kept bone marrow depression in per- 
fused patients at a minimum. 


Results 


Of the 71 patients who were treated by surgical proce- 
dures alone, 31 were alive with no evidence of disease at 
10 years; of the 92 patients treated by isolation-perfusion 
and local excision of the melanoma, 62 were alive with no 
evidence of disease at 10 years. Six of the group treated 
by surgery alone and 4 of the perfusion patients died of 
documented, unrelated diseases during the 10-year 
period. As shown in Table 2, there are 65 determinate 
cases in the historical surgical group and 88 determinate 
cases in the perfusion patient group. No patient was lost - 
to followup during the 10-year period. 

The 10-year determinate survival curves as well as 
those for patients who remained disease-free during that 








TABLE 2. Status at Ten Years of 71 Historical 
Surgical Patients and 92 Perfusion Patients 
Patients 
Surgical Perfusion 

Alive, no evidence of disease 31 62 
Dead, documented intercurrent disease 6 4 
Lost 0 0 
Dead of disease 34 26 
Determinant cases at ten years 65 88 





period are given in Fig. 4. The disease-free survival 
curves represent successful initial therapy, while the 
overall survival curves include those additional patients 
whose initial therapy failed but who were subsequently 
salvaged by further therapy. The difference between the 
two curves gives an estimate of the number of patients 
salvaged by retreatment. The determinate survivals at 2, 
5 and 10 years for the perfusion patients were 98%, 86% 
and 83%, respectively, while the 2-, 5- and 10-year survi- 
vals for the control surgical group were 89%, 70% and 
57%. When these overall survivals are compared by the 


Determinate Survival of 71 Historical 
Controls (o) and 92 Perfusion Patients(e) 
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TABLE 3. First Recurrence After Treatment of 
Primary Melanoma in Patients Followed Ten Years* 





Patients 
Surgical Perfusion 
Regional 
Local recurrence 4 ( 7%) 2 { 2%) 
Intransit metastasis 6 (10%) 3 ( 3%) 
Positive regional 
lymph nodes 13 (38%) 14 (18%) 
Combined 0 ( 0%) 1 ( 1%) 
Systemic 
Systemic metastasis 11 (17%) 5 ( 6%) 
Determinate cases (4c) 34 (48%) 25 (28%) 


*3] prophylactic regional node dissection and 5 planned amputations in 
surgical controls, 11 axillary dissections in perfused patients on a whole 
organ study. 


Chi square test the difference in survival at 2 years is 
significant at the 5% level, at 5 years at the 2.5% level and 
at 10 years at the .05% level. There is a difference in 
survival after initial therapy favoring the perfusion pa- 
tients. The disease-free survival for the perfusion patients 
was 83% at 2 years, 76% at 5 years and 72% at 10 years, 
while for the surgical patients it was 79%, 55% and 45%, 
respectively. The survival of the disease-free patients 
was not significantly different at the end of the 2-year 
period, however, at the end of the 5-year period, they 
were different at the 1% level of significance and at the 
end of the 10-year period they were different at the .01% 
level of significance. This suggests that the perfusion 
patients not only had a better survival opportunity after 
initial therapy but also, if the melanoma recurred after 
perfusion, were more likely to benefit by retreatment. 
The complete 10-year followup information of these 
two groups of patients (Table 3) shows that 34 (48%) of 
the patients receiving surgery alone and 25 (28%) of the 
perfusion patients were treatment failures since recurrent 
or metastatic disease developed subsequent to primary 
treatment. When the areas of first recurrence were 
studied for each group of patients, considering whether 
such recurrence was possible (i.e., local recurrence is 
impossible if the primary site was amputated), local re- 
currences were seen in 796 of the surgical patients and in 
2% of the perfusion patients. The development of in- 
transit metastasis was different in approximately the same 
order of magnitude, (i.e., in 1096 of the surgical patients 
and in 3% of the perfusion patients). A marked difference 
was seen in the recurrence in regional lymph nodes: 38% 
in the surgery alone group with intact regional lymph 
nodes developed metastatic nodal disease; this occurred 
in only 1896 of the perfused group. Most of the local 
recurrences and regional lymph node metastases had ap- 
peared by two years in both series, as has been reported 
previously," but development of intransit metastasis 
and systemic metastasis tended to occur later. Although 
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TABLE 4. Results of Retreatment of First Failure (Historical Surgical Controls and Perfusion Patients)* 


: AC mt A A E T a T i a TT a i T a n m A A 


NED 
Controls Perfusions 
Local Recurrence | 
Intransit metastasis i 
Regional lymph nodes 5 (38%) 
Combined 0 
Systemic metastasis l 
Totals 8 


i 
5 
6 (43%) 
I 
0 
I 


(24%) 11 (44%) 


Controls 


Dead of Disease Totals 
Perfusions 


Controls Perfusions 
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* All patients with a 10-year followup. 


not recorded in this report, it is known that in both series 
of patients systemic metastasis causing deaths have oc- 
curred beyond the 10-year period of this study. 

Many patients whose primary management failed were 
retreated and the results are shown in Table 4. A trend 
can be noted by comparing the site of failure and the 
efficacy of the retreatment for the two groups of primary 
therapies. Of the 13 surgical patients who developed re- 
gional lymph node metastasis subsequent to initial 
therapy, five (38%) were salvaged and of the 14 perfusion 
patients developing similar disease, six (43%) were sal- 
vaged. Overall, 2496 of the historical surgical control 
group and 44% of the failed perfusion patients were sal- 
vaged by retreatment. The one case of metastasis beyond 
the regional nodes salvaged by retreatment was a patient 
who had developed contralateral groin metastasis; the 
patient was treated by superficial groin dissection with 
subsequent survival. Amputation for uncontrolled intran- 
sit metastasis or other regional disease was not required 
in the perfusion patients. [n the surgical controls, 1796 of 
the patients developed systemic metastasis as the first 
evidence of failure of primary control; this figure is rela- 
tively consistent in other series (2), however, it occurred 
in only 6% of the perfusion patients. 

The complications encountered in both groups of pa- 
tients are shown in Table 5. The historical surgical pa- 
tients had a complication rate of 30% while that for the 
entire perfusion group was only 11%. The only surgical 
death, in either series, occurred in a perfusion patient. 
The higher incidence of wound healing complications in 
the surgical patients was related to the difficulties which 
occur when extensive regional node dissections were 
done with subsequent large skin flaps, often having a 
marginal blood supply. Primary healing is a problem at 
many sites involving radical dissections. This is reflected 
in part by the average time spent in hospital which for the 
surgical patients was 18.7 days and for perfusion patients 
was 10.4 days. 


Discussion 


Comparison of the treatment of patients with Stage I 
malignant melanoma by isolation-perfusion and local ex- 
cision of the lesion with a group of historical surgical 


patients, or with other reported patients series, is dif- 
ficult. Many factors influence the outcome of the treat- 
ment. Our historical surgical group and the perfusion 
patients may well represent different cohorts with some 
differences in sex distribution, regional distribution of the 
primary lesions and changes in patient populations over 
the years. More difficult, however, is a comparison with 
other series in the literature. for the histological depth of 
cutaneous invasion, the comparability of clinical staging 
of the lesions and the basic philosophies involved in 
treatment are factors effecting the outcome; these carry 
unknown weights. 

To recapitulate, approximately 68% of patients with 
primary malignant melanoma have a 5-year survival fol- 
lowing only wide local excision of the primary lesion.’ An 
additional 10-15% of patients will succumb to systemic 
metastasis, present as occult metastasis at the time the 
patient was first seen and hence, beyond any form of 
local or regional therapy. There remains approximately 
20% of the patients who could be expected to benefit 
from different therapies. The 5-year survival rate in our 
group of perfusion patients is 86%, suggesting that this is 


the maximum that can be obtained without some form of 


adjuvant systemic therapy designed to combat the occult 
systemic metastasis. On the other hand, the survival rate 
for our historical control surgical group was 70% at 5 
years. The difference in survival in the two groups is 
statistically significant within the reliability of comparing 
these patient groups. 


TABLE 5. Complications of Surgery Alone in 71 Patients 
And 244 Perfusions in 202 Patients 


— P 


Controls Perfusions 


Death (Pulmonary Embolus) i (0.452) 
Wound infection/hematoma/seroma 
Nerve palsy/neuritis (^2 mos) 
Vascular complications 
Edema (73 mos) 
Thrombophlebitis 
Bone marrow depression (> 14 days) 
Hepatitis 
Pneumonia 

Totals 
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Important to these overall survival figures are the 
number of patients who can be benefited after a local or 
regional recurrence of the melanoma. When the patients 
with primary treatment failure are so examined, it is 
suggested that factors are present which predispose to 
favoring the group of patients treated initially by 
isolation-perfusion. Possibly, in addition to the perfusion 
itself, the adequacy and duration of followup period, the 
careful clinical examinations and some unknown factors 
in the patient selection may each provide part of the 
benefit. When the group of 92 patients treated by 
isolation-perfusion and followed for a complete 10-year 
period is compared with groups of patients in the litera- 
ture treated by wide local excision and prophylactic 
lymph node dissection, the 5-year survival rate of 86% 
compares very favorably with the reported 76-80% survi- 
val rates? ?J5 and our 83% survival rate at the 10-year 
period also compares favorably with these published 
S-year figures. Our survival rates are also almost exactly 
the same as those projected for another group of patients 
treated by isolation-perfusion with hyperthermia which 
was recently reported.!'* 

Local recurrence has previously been related to the 
extent of the resection performed. Initially, it was 
thought important to remove the underlying fascia and 
the use of a skin graft was a measure of the adequacy of 
excision. The local excisions performed on our perfusion 
patients, however, could be closed primarily in most 
instances. The fact that we rarely used skin grafts also 
enabled the patients to heal and be out of hospital earlier 
than those patients undergoing more extensive surgical 
procedures. This is confirmed in the current study by the 
fact that our historical surgical patients were hospitalized 
for a mean of 18.7 days (range, 3-91 days) following 
resection and 50% of the patients were home by the 
fourteenth day. For patients in the perfusion series, the 
average hospital stay was 10.4 days (range. 2-44 days) 
and 5096 of the patients were home on the eighth day. 
Thus, the present study indicates that when the entire 
region is treated by chemotherapy, a local excision is as 
safe as a wide excision plus skin grafting. Also, the as- 
sociated morbidity is lessened when measured by the 
length of hospitalization. 

The development of intransit metastasis in patients 
with malignant melanoma of the limbs, not controlled by 
primary therapy, represents a very serious therapeutic 
challenge. It has always been difficult to control malig- 
nant melanoma once established in the cutaneous lym- 
phatics." Factors such as proximal blockade secondary to 
previous regional node dissection, regional nodes exten- 
sively involved with malignant disease and adverse hy- 
* drostatic pressure in the lower limb all tend to produce 
this type of metastasis by delaying the transit time of cells 
through the lymphatic vessels between the site of primary 
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origin and the regional nodes. Approximately twice as 
many patients in the control surgical series developed 
intransit metastases as did patients in the perfusion series 
and this compares favorably with reported instances of 
about 22% in the literature” in general. This 22% fre- 
quency is similar to that reported previously from this 
institution,” however, the previous reports did encom- 
pass all stages of disease and not only the Stage I pa- 
tients. Three patients developing intransit metastasis in 
the perfusion series were rescued by subsequent therapy 
which may indicate that the recurrences were converted 
to a less virulent form of the disease by the perfusion. 

The incidence of occult regional metastasis discovered 
as a result of prophylactic regional lymph node dissec- 
tions? 7^! varied from 17-50%. The presence of these 
occult nodal metastases reduced the expected 5-year sur- 
vivals from the 76-80% rate for the patients with known 
negative lymph nodes, to between 43-6096?! As all 
patients perfused for melanoma in this series had inva- 
sion to Clark's Level HI? dr below, it might be expected 
that at least a fifth of these patients would have occult 
regional nodal metastasis and that this would lower the 
observed 5-year survival rate if the isolation-perfusion 
per se did not have an affect on these metastases and 
neutralize this trend. The 70% 5-year survival of the 
historical surgical group (68% of whom had negative re- 
gional node dissections) is less than expected for patients 
with negative nodes. It is presumed that some occult 
nodal metastasis were present in the other patients 
treated neither by regional lymph node dissection nor by 
isolation-perfusion. 

When the control rate for the regional lymph nodes is 
compared in our two groups, 1896 of the patients having 
isolation-perfusion subsequently developed clinical dis- 
ease in the regional lymph nodes as compared with 38% 
in those patients treated by surgery alone, (both values 
have been corrected by deletion of the negative 
prophylactic dissections). Although both values are 
within the range for occult microscopically positive 
nodes reported in the literature.!? the perfusion group is 
at the lower end of the range, while the surgical historical 
controls are near the median reported figure. Possibly 
this consistently lower figure for the perfusion patients is 
because the chemotherapeutic agent has been able to 
sterilize the occult disease present in the distal regional 
nodes included in the perfusion field. Destruction of any 
residual disease at the primary site and sterilization of 
any cells "intransit" in the lymphatics may also be ex- 
pected to have an affect on the number of nodes sub- 
sequently becoming positive. The fact that only 18% of 
the- perfused patients followed for 10 years developed 
recurrence in the regional lymph nodes and of this 18%. 
43% were salvaged by retreatment, indicates that re- 
gional lymph node dissections are not a necessity in pa- 
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tients undergoing isolation-perfusion. Most of the com- 
plications seen in the surgical historical controls were 
secondary to wound healing subsequent to the radical 
removal of these lymph nodes. 

No adverse immunological effects are noted from 
isolation-perfusion when systemic metastasis as the first 
evidence of treatment failure is considered. In the two 
groups of patients, systemic metastases were seen in ll. 
or 17%, of the surgical controls and only 5, or 696, in the 
perfusion patients. The small amount of systemic drug 
leakage. which occasionally occurs, seldom has adverse 
effects and would be expected to be insufficient to ac- 
count for this seemingly beneficial difference. 

The complice‘ions seen in patients undergoing perfu- 
sion covers a wider range than those seen in patients 
treated by surgical therapy alone. There is always some 
risk of vascular complications. A variable amount of 
nerve damage may result from the regional use of the 
drugs. or the technical methods of applying them. There 
is always an increased risk of hepatitis because of the 
blood used to prime the pump and in the event of an 
extensive drug leak, the possibility of bone marrow de- 
pression is present. However, only 11% of the pauents in 
the perfusion series suffered major complications as op- 
posed to 30% in the patients undergoing surgical treat- 
ment alone. We believe that isolation-perfusion is a safe 
procedure with morbidity and mortality well within the 
range of that expected for any surgical operation of a 
similar magnitude. 

Increased patient survival and an increased rescue of 
those patients who failed initial therapy is suggested by 
comparison of our historical surgical and perfusion 
groups of patients. The differences are maintained over 
the 10-year period of this study and for the 5-year period 
reported in most other series. Although the two groups in 
this study are not prospective and randomized, a similar 
magnitude of improvement is also seen when perfusion 
patients are compared with published reports on other 
surgical patients. This improvement in survival rates also 
appears to coincide with a lowered surgical morbidity 
rate. The unusually low incidence of systemic metastasis 
observed over the 10-year period may indicate a further 
beneficial effect of the perfusion although admittedly a 
much larger series of patients would be required before a 
more exact statement can be made. I-Phenylalanine mus- 
tard is an effective drug with relatively low toxicity. 
however, it is not the "ideal drug for regional 


DISCUSSION 


Dr. Epwarp T. KREMENTZ (New Orleans): E would like to make one 
or two comments regarding the level of staging. The pathologists still 
have difficulty in categorizing levels of staging in the acro-melanoma or 
those that occur on the plantar and palmar surfaces and the polypoid 
melanomas. And, it's in these that we find some errors. 

In our experience with over 150 cases with a hundred with level two 
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chemotherapy. We look to improved results with a de- 
creased complication rate as better drugs become avail- 
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melanomas. one and two. local excision has proven to be completely 
satisfactory with two exceptions, both of which the pathologists felt that 
they had given us misinformation. 

On this paper by Dr. McBride, I more or less feel I'm looking in the 
mirror when I hear their experience. Our experience goes back to 1957 
when Dr. Creech and Dr. Ryan and | began our project. At the present i 
time. we have some 606 extremity melanoma patients. but 1 will just 


confine my remarks to the 251 stage one cases. 
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(Slide) As of December 1974 for our stage one cases the ten-year 
salvage rate is 78. This is the cumulative survival rate of 78.8%. stage 
two 36.977. Now in most of our cases we have done node dissections 
and we differ from Anderson in this effect. 

In these cases of ten years had perfusion, node dissection. stage one 
disease. This is broken down by upper and lower extremities, male and 
female. You can see ten years for the upper limbs we had 87 and 8162 
and for lower limb 81 and 61% in the males. Now this group, I think, 
needs further treatment. either immune therapy or continuing systemic 
chemotherapy. 

(Slide) In the last month or so, I've had an Opportunity to review this 
paper and other papers from Dr. McBride's group. We are using the 
Anderson stage one category and in the group 5-13 year overall direct 
survival rate, both of our series came out at 83% five year survival. 

The failures are quite interesting. You have to remember that 83% of 
our patients had node dissections and 7% of theirs had node dissections. 
But for local recurrence and intransit recurrence both our groups have 
had very small incidence of recurrence, less than half of that in conven- 
tional surgical approaches. 

Now, as would be expected, we had less recurrence in regional 
nodes, only 4% compared to 13% in Anderson, but our distant metas- 
tases were higher. Of those in which we were gaining control, 30% of 
the Anderson group were failures and there were 13% failures in our 
group. 

| think it is of considerable interest as to know where we go in the 
studies with melanoma. | think we must look for. in these poor risk 
groups, other means of therapy. perhaps immune approaches. or con- 
tinuing adjunctive systemic chemotherapy. 


Dr. JOSEPH G. FortNer (New York, New York): The material from 
the gastric and mixed tumor service at Memorial Hospital suggests that 
about 15% of patients with malignant melanoma have the potential for 
intransit metastases and this is the group that we're treating. 

This potential can be treated by one of three methods. One. by 
chemotherapy perfusion as Dr. McBride has indicated. Two. one can 
wait three to six weeks between treating the primary lesion and doing 
the regional dissection. lymph node dissection. to allow time for the 
intransit cells to progress up to the nodes. And. the third method is an 
on-bloc or incontinuity dissection. taking out the tissue between the 
primary site and the regional lymph node drainage basin. 

(Slide) These are our results using this surgical on-bloc approach. As 
you can see, 67 of 81 patients who had the incontinuity procedure, or 
82%, had a five-year cure; where the nodes were negative there were 
92%, where they were positive, 40%. 

With a discontinuous procedure, 48 of 67 patients had a five-year cure 
and it was 80% with negative nodes and 44% with positive nodes. 

(Slide) On the incidence of recurrence after these procedures, you 
can see that regional recurrence which is all we really treat surgically 
and by regional chemotherapy perfusion, was only 1.2% for the incon- 
tinuity procedure. The regional recurrence for the discontinuous proce- 
dure was 13%, which is comparable to that of 18% which Dr. McBride 
presented with the chemotherapy perfusion. So we think this method is 
guite an adequate approach to treating malignant melanoma of the 
extremities. 

(Slide) Our elective node dissection is supported by these findings of 
extremity melanomas in which there was only one lymph node involved 
for dissection, the cure rate was 55%. More than one node it’s 23% and. 
in a larger series where the melanoma had various sites. a microscopic 
focus or metastases only was associated with a 67% five-year cure rate. 
Where muitiple nodes were involved. it dropped to 8%. 

So that we see that early treatment of the metastatic disease is really 
as important as treating the primary early. 


Dk. DONALD L. Morton (Los Angeles): I'd like to congratulate the 
authors on their results. Certainly one cannot quibble with an overall 
83% long term survival rate. 

However, I do believe it’s imperative to break down our indications 
for perfusion by level of invasion. As previous discussants of previous 
papers have pointed out. when one can achieve a 100% five- and 
ten-year cure rate in level two and superficial level three melanomas by 
simple excision, one must question whether these patients should really 
be exposed to an additional procedure of perfusion. 
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In the poor risk patients (those with regional lymph node metastasis) 
it has been our experience that the primary cause of treatment failure is 
systemic disease not only recurrence. | thought the membership might 
be interested in the followup of our adjuvant chemotherapy trial in 
malignant melanoma in patients with positive lymph nodes. 

(Slide) This shows our results overall with patients with stage two 
melanoma in terms of recurrence rate. The numbers indicate the 
number of patients exposed to the risk of recurrence for the previous 
period over the number of patients free of disease. One would expect at 
42 months we will have 55% of the patients tumor free. 

Now, these are compared to 42 simultaneously controlled patients 
who had surgery alone in our institution but did not have im- 
munotherapy because of some distance from UCLA. You can see that 
our results are about the same as the series published by the Anderson 
Hospital. It shows about a doubling of the tumor free survival up to this 
point. 

(Slide) This gives the survival figures and in comparison to our own 
simultaneous controls and historical controls from other institutions. 
Again you see at every point of the curve, the patients who received 
adjuvant immunotherapy with BCG are significantly better off than 
those who did not. 

(Slide) If we break this down by numbers of Iymph nodes involved, 
we see what one would expect. from what we know about im- 
munotherapy and that is the patients who have the least amount of 
disease in their bodies at the time immunotherapy is begun appear to 
benefit most from the adjuvant immunotherapy. After three years, 
approximately 75% of the patients will continue to be free of disease 
compared to about 35% of those who had surgery alone. 

(Slide) Even in patients with more than five nodes involved. although 
the results are not nearly as good, but you can see that these patients 
have benefited from the adjuvant immunotherapy. 


DR. Loren J. HUMPHREY (Kansas City, Kansas): | just want to 
confirm what Dr. Morton has said regarding the value of adjuvant 
immunotherapy. In a similar program using allogeneic vaccine we have 
treated patients who have positive regional lymph nodes only. 

The data that Dr. Jewel and I have at this point are 14 out of 15 alive 
at 12 months, 12 out of 13at 18 months, 8 out of 9 in 24 months and three 
out of four in 30 months. I think this adds further weight to what has just 
been presented. 


DR. R. C. Hickry (Closing discussion): We present here 202 patients 
with Stage I or at least level 3 disease. The results of the isolated 
perfusion with phenylalanine mustard and the limited surgical approach 
seem favorable when compared with other groups in terms of survival. 
complication rates, length of hospitalization, frequency of nodal dis- 
ease. clinical nodal disease after perfusion, and the occurrence of dis- 
tant spread. 

Dr. McBride said there were no adverse effects from an immunologi- 
cal point of view. It's possible that there could have been some positive 
benefits. 

We wish to thank very much the discussants, Dr. Krementz the first. 
As far as perfusion techniques are concerned, we have a common 
origin. Perfusion was introduced as a concept by Dr. Oscar Creech in 
1957. and was followed closely by Dr. R. Lee Clark of our group. 

Our results are almost identical to that of the group from Tulane. 

Dr. Fortner. you commented on the intransit metastases. Most of our 
patients would need a dissection that could not be done in continuity. 
The frequency of recurrence is 13 per cent as noted by him, and is three 
per cent in our group. 

Dr. Morton, there's no question with respect to the breakdown, that 
is, with respect to the histology. We have included no patients with 
Clark's level 2 invasion. At the end of six to eight months we will 
probably he able to harvest all of the various histological material (from 
outside slides) and so we will be able to present this material in detail. 

With respect to systemic disease, we are totally in accord with the use 
of immunotherapy. but recall. ladies and gentlemen, we're discussing 
Stage I disease, the thrust of this presentation: Dr. Morton is talking 
about what we would consider Stage IH disease. 

Dr. Humphrey: Again. we totally concur with the advantages of the 
adjuvant immunotherapy. We would use BCG and are using this in 
truncal disease and in head and neck disease. 
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Management of Trauma: 
Pitfalls and Practice 


Covers every aspect of medical and surgical management 
of trauma, including clinical features, difficult problems, 
and potential pitfalls. 


Edited and with contributions by ALEXANDER J. WALT, 
M.D., and ROBERT F. WILSON, M.D., both of the Wayne 
State University, Detroit, Michigan. (43 Contributors). 626 
pp. (7 x 10), 124 illus., 1975, $30.00. 


Operative Anatomy of 
Abdomen and Pelvis 


An atlas covering structure, physiologic rationale, ana- 
tomic hazards, and anomalies as applied to surgery. 
Thoroughly illustrated. 


By EDWARD A. EDWARDS, M.D., Harvard Medical 
School, Boston, Massachusetts; PAUL D. MALONE, Lahey 
Clinic Foundation, Boston, Massachusetts; and JOHN D. 
MacARTHUR, M.D., Harvard Medical School, Boston, 
Massachusetts. 418 pp. (8% x 11), 224 illus., 1975, Ready 
Soon. 
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Treatment of Shock: 
Principles and Practice 


Edited by WILLIAM SCHUMER, M.D., and LLOYD M. 
NYHUS, M.D., both of the University of Illinois College of 
Medicine, Chicago. (18 Contributors). 208 pp.. 30 illus., 
1974, $12.50. 


The Esophagus 


By W. SPENCER PAYNE, M.D., and ARTHUR M. OLSEN, 
M.D., both of The Mayo Clínic, Rochester, Minnesota. 
(14 Contributors). 339 pp., 140 illus., 1974, $16.00. 


Surgical Treatment of 
Congenital Heart Disease, 
2nd ed. 


By GRADY L. HALLMAN, M.D., and DENTON A. COOLEY, 
M.D., both of The Texas Heart Institute, Houston, Texas. 
204 pp. (8% x 11), numerous illus., 1975, $18.50. 


A Primer of Water, 
Electrolyte and Acid- 
Base Syndromes, 5th ed. 


By EMANUEL GOLDBERGER, M.D., Albert Einstein 
College of Medicine, New York, New York. 604 pp. (51% x 
734), illus., 1975, $12.00. 


Drug Interactions, 3rd ed. 


By PHILIP D. HANSTEN, Pharm.D., Washington State 
University, Pullman. About 390 pp., paperback, 1975, 
Ready Soon. 


Anatomy: A Regional 
Atlas of the Human Body 
By CARMINE D. CLEMENTE, Ph.D., University of 


California at Los Angeles School of Medicine. 320 pp. 
(812 x 11), 595 figs. on 300 plates (mostly in color), 1975, 





Balanced high potency 
vitamin B-complex and 
500 mg vitamin C 


Virtually no odor or 
aftertaste 


Low priced Rx formula 
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YOUR COPIES OF 
ANNALS of SURGERY ton, a summary of which lows. 


Each Berocca Tablet contains: 
Thiamine mononitrate (Vitamin B.) 45 mg 
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ment may develop or progress, despite 
temporary remission of anemia, in 
patients with pernicious anemia who 
receive more than 0.1 mg of folic acid 
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treated with vitamin B». 
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The silent disorder: 
Vitamin deficiency in the 
postoperative patient 


Silent—but 
often present in 
subclinical form. 

Following major surgery, 
there is oflen a deficiency of the B- 
complex vitamins. Vitamin C may also 
become depleted as a result of its height- 
ened utilization. This is happening at a time 
when nutrition may be inadequate due to pain, 
impaired digestion and assimilation, or lack of 
mealtime cooperation. 

As soon as your patients can take oral medication, 
high potency Berocca Tablets provide the balanced 
B-complex and 500 mg vitamin C that they need 
for general convalescence. Because Berocca 
Tablets are available by Rx only, they help keep 
vitamin intake under your control —especially impor- 
tant when you expect recovery to be prolonged. 

Berocca Tablets are not intended for treatment of 
pernicious anemia or any ofher anemia. 


To overcome the B and C deficit 


BEROCCA IS THE 


TABLET Balanced high potency vitamin B-complex and 500 mg vitamin C. 
Virtually no odor or aftertaste. Low priced Rx formula. 


Please see facing page for summary of product information. 





DTIC-& 


(DACA RBAZINE) 


Sterile 


Warning: It is recommended that DTIC- 
Dome (dacarbazine) be administered under 
the supervision of a qualified physician ex- 
perienced in the use of cancer chemothera- 
peutic agents. Since facilities for necessary 
laboratory studies must be available, hospi- 
talization of patients is recommended. Hemo- 
poietic depression is the most serious toxicity 
with DTIC-Dome and involves primarily the 
leukocytes and platelets, although mild ane- 
mia may sometimes occur. Leukopenia and 
thrombocytopenia may be severe enough to 
cause death. 

(See Warnings section.) Studies have dem- 
onstrated this agent to have a carcinogenic 
and teratogenic effect when used in animals. 

In treatment of each patient, the phy- 
sician must weigh carefully the possibility 
of achieving therapeutic benefit against the 
risk of toxicity. 


Description: DTIC-Dome sterile (dacarbazine) 
is a colorless to an ivory colored solid which is 
extremely light sensitive. 


Action: Although the exact mechanism of ac- 

tion of DTIC-Dome (dacarbazine) is unknown, 
three hypotheses have been offered: 

1) inhibition of DNA synthesis by acting asa 


purine analog 
2) action as an alkylating agent 
3) interaction with SH groups 

The volume of distribution of DTIC-Dome 
exceeds total body water content, suggesting 
localization in some body tissue, probably the 
liver. It is only slightly (approximately 596) 
protein-bound. Its plasma half-life after I.V. 
administration is approximately 35 minutes. 
After 6 hours in animal study, approximately 
46% of a radio-labeled dose was recovered from 
the urine. Of this 46%, almost half was un- 
changed DTIC and a like quantity was AIC 
(amino imidazole carboxamide) a metabolite. 
DTIC is subject to renal tubular secretion 
rather than glomerular filtration. 


Indications: DTIC-Dome (dacarbazine) is indi- 
cated for the treatment of metastatic malignant 
melanoma. It has been found that DTIC-Dome 
(dacarbazine) may be as efficacious at the lower 
dosage as at the higher dosage. Combinations 
of cancer chemotherapeutic agents have often 
shown an improved response over the use of 
single agents. 


Contraindications: DTIC-Dome (dacarbazine) 
is contraindicated in patients who have dem- 
onstrated a hypersensitivity to it in the past. 


Warnings: Hemopoietic depression is the most 
serious toxicity with DTIC-Dome and involves 
primarily the leukocytes and platelets, although 
mild anemia may sometimes occur. Leukopenia 
and thrombocytopenia may be severe enough to 
cause death. The possible bone marrow depres- 
sion requires careful monitoring of white blood 
celis, red blood celis and platelet levels. Hemo- 


poietic toxicity may warrant temporary suspen- 
sion or cessation of DTIC-Dome therapy. 


Precautions: DTIC-Dome (dacarbazine) should 
be administered preferably to patients who are 
hospitalized and who can be observed carefully 
and frequently during and after therapy, with 
particular reference to the hemopoietic system. 


Adverse Reactions: Symptoms of anorexia, 
nausea, and vomiting are the most frequently 
noted of all toxic reactions. Over 90% of patients 
are affected with the initial few doses. The 
vomiting lasts 1-12 hours and may becompletely 
but unpredictably palliated with phenobarbital 
and/or prochlorperazine. Rarely intractable 
nausea and vomiting have necessitated discon- 
tinuance of DTIC-Dome (dacarbazine) therapy. 
Rarely DTIC-Dome (dacarbazine) has caused 
diarrhea. Some helpful suggestions include re- 
stricting the patients oral intake of fluids and 
food for 4-6 hours prior to treatment. The rapid 
toleration of these symptoms suggests that a 
central nervous system mechanism may be in- 
volved, and usually these symptoms subside 
after the first 1 or 2 days. 

There area number of minor toxicities that 
are infrequently noted. Patients have experi- 
enced an influenza-like syndrome of fever to 
39'C, myalgias and malaise. These symptoms 
occur usually after large single doses approxi- 
mately 7 days after treatment with DTIC-Dome 
(dacarbazine) and last 7-21 days, and they may 
occur with successive treatments. 

Alopecia has been noted as has facial flushing 
and facial paresthesia. There have been few re- 
ports of significant liver or renal function test 
abnormalities in man. However, these abnor- 
malities have been observed more frequently in 
animal studies. 

Dosage and Administration: DTIC-Dome 
(dacarbazine) 100 mg/vial and 200 mg/ vial are 
reconstituted with 9.9 ml and 19.7 ml, respec- 
tively, of Sterile Water for Injection, USP. The 
resulting solution contains 10 mg/ml of dacar- 
bazine having a pH of 3.0 to 4.0. 

The recommended dosage is 2 to 4.5 mg/kg/d 
for 10 days. It has been found that DTIC-Dome 
(dacarbazine) may be as efficacious at the lower 
dosage as at the higher dosage. Treatment may 
be repeated at 4 week intervals. An alternate 
recommended dosage is 250 mg/square meter 
of body surface/day I.V. for five days. Treat- 
ment may be repeated every 3 weeks. The calcu- 
lated dose of the resulting solution is drawn 
into a syringe and administered only intra- 
venously. 

Injection of DTIC-Dome may be completed in 
approximately one minute. 

Extravasation of the drug su beutaneously 
during the intravenous administration may re- 
sult in tissue damage and severe pain. 

Any solution remaining in the vial may be 
stored at 4°C for up to 72 hours. At 20°C, the 
solution is not stable for more than 8 hours. 


Supplied: Vials containing 100 mg or 200 mg 
of DTIC-Dome as sterile dacarbazine in boxes 
of 12. 
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. Dome Laboratories announces 


asignificant discovery 
of cancer research 


"TIC-a 


(DACARBAZINE) 


a unique agent effective in 
treating metastatic 
malignant melanoma 


[C] extensively investigated through worldwide cancer research 
[C] over 20% remissions documented from evaluation of more than 1400 patients 


patients complete partial total 
evaluated remission remission response percentage 


1427 81 208 289 20.3 


[]a valuable chemotherapeutic agent indicated in the treatment of metastatic 
malignant melanoma 


[las with many other cancer chemotherapeutic agents, response to DTIC-Dome 
may be enhanced when it is combined with other antineoplastic drugs 


DTIC-Dome is a new chemotherapeutic agent with a relatively high percentage 

of reported remissions in the treatment of metastatic melanoma. As with most 
anticancer drugs, possible beneficial results should be weighed against known risks 
of toxicity in the treatment of each patient. Toxic reactions are predominantly 
gastrointestinal and hematologic in nature, requiring that patients be hospitalized 
during therapy for observation and hematologic monitoring. In general, gastro- 
intestinal symptoms are self-limiting, and reversal of hemopoietic depression 
usually occurs within three to six weeks after termination of therapy and appro- 
priate corrective measures. (See adjacent page for a more detailed description of 
side effects.) 


Although the exact mechanism of action of DTIC-Dome is 
unknown, three hypotheses have been proposed : 

(1) inhibition of DNA synthesis by acting as a purine 
analog, (2) action as an alkylating agent by release 

of a mustard radical, and (3) interaction with SH groups. 


See adjacent page for full prescribing information. 
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gram-negative infections 


M wide investigational experience 
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WARNINGS 


Patients treated with Nebcin® (tobramycin sulfate, Lilly) 
should be under close clinical observation, because tobra- 
mycin and other aminoglycoside antibiotics have an inher- 
ent potential for causing ototoxicity and nephrotoxicity. 
Both vestibular and auditory ototoxicity can occur. 
Eighth-nerve impairment may develop if patients have pre- 
existing renal damage and if Nebcin is administered for 
longer periods or in higher doses than those recommended. 
Tobramycin is potentially nephrotoxic. Renal and eighth- 


nerve function should be closely monitored in patients with 
known or suspected renal Enden: and also in those 
| 


whose renal function is initially normal but who develop 
signs of renal dysfunction during therapy. Such impairment 
may be characterized by cylindruria, oliguria, proteinuria, or 
evidence of nitrogen retention (increasing BUN, NPN,or 
creatinine). Evidence of impairment in renal, vestibular, or 
auditory function requires discontinuation of the drugor 
dosage adjustment. 

Nebcin should be used with caution in premature and 
neonatal infants because of their renal immaturity and 





the resulting prolongation of serum half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal 
dialysis or hemodialysis will help remove tobramycin from 
the blood. 

Serum concentrations should be monitored when fea- 
sible, and prolonged concentrations above 12 mcg./ml. 
should be avoided. Urine should be examined for increased 
excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic 
and/or nephrotoxic antibiotics, particularly streptomycin, 
neomycin, kanamycin, gentamicin, cephaloridine, paromo- 
mycin, viomycin, polymyxin B, and colistin, should be 
avoided. 

Nebcin should not be given concurrently with potent 
diuretics. Some diuretics themselves cause ototoxicity, and 
intravenously administered diuretics enhance aminoglyco- 
side toxicity by altering antibiotic concentrations in serum 
and tissue. 

Usage in Pregnancy—Safety of this product for use during 
pregnancy has not been established. 
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Nebcin 


tobramycin sulfate 





for serious infections including 


septicemia 


Bacterial cultures should be obtained 
prior to and during treatment. 

In patients in whom gram-negative 
septicemia or neonatal sepsis is 
suspected, including those in whom 
concurrent therapy with a penicillin 
or cephalosporin and an aminogly- 
coside may be indicated, treatment 
with Nebcin may be initiated before 
the results of susceptibility studies 
are obtained. The decision to con- 
tinue therapy with Nebcin should be 
based on the results of susceptibility 
studies, the severity of the infection, 
and the important additional 
concepts discussed in the WARNINGS 
box in the prescribing information. 


lower-respiratory-tract 
infections 

Nebcin is indicated in broncho- 
pneumonia, pneumonia, empyema, 
and bronchitis. Most patients treated 
in clinical trials had one or more 

of the following underlying 
respiratory tract conditions: asthma, 
cor pulmonale, cystic fibrosis, 
emphysema, bronchiectasis, lung 
cancer, empyema, and respiratory 
tract anomaly. 


urinary tract infections 


Nebcin is indicated in the treatment 
of serious complicated and recurrent 
urinary tract infections. Aminogly- 
cosides, including Nebcin, are not 
indicated in uncomplicated initial 
episodes of urinary tract infections 
unless the causative organisms are 
not susceptible to antibiotics having 
less potential toxicity. 


caused by susceptible strains of 


Pseudomonas aeruginosa 

Klebsiella-Enterobacter-Serratia 
eroup 

Escherichia coli 

Proteus sp. (indole-positive and 
indole-negative) 

Providencia sp. 

Citrobacter sp. 

Group D streptococci 

Staphylococci* including 
Staphylococcus aureus 
(coagulase-positive and 
coagulase-negative) 


* Nebcin may be considered in serious staphyl xcoccal infections 


when penicillin or other potentially less toxic drugs are 
contraindicated and when bacterial susceptibility testing 
and clinical judgment indicate its use. 


Please see following page for summary of prescribing information 


Nebcin 


tobramycin sulfate 


Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
| because tobramycin and other aminoglycoside antibiotics have an inher- 
j ent potential for causing ototoxicity and nephrotoxicity. 
| Both vestibular and auditory ototoxicity can occur. Eighth-nerve impair- 
| ment may develop if patients have preexisting renal damage and if Nebcin 
is administered for longer periods or in higher doses than those 
| recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but 

| who develop signs of renal dysfunction during therapy. Such impairment 

| may be characterized by cylindruria, oliguria, proteinuria, or evidence of 

| nitrogen retention (increasing BUN, NPN, or creatinine). Evidence of 

i  impairmentin renal, vestibular, or auditory function requires discontinua- 
| tion of the drug or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 

|! because of their renal immaturity and the resulting prolongation of serum 
| half-life of the drug. 

in the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible. and 
prolonged concentrations above 12 mcg. / ml. should be avoided. Urine 
should be examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, and colistin, should 
be avoided. 

l Nebcin should not be given concurrently with potent diuretics. Some 
| diuretics themselves cause ototoxicity, and intravenously administered 
| diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy —Safety of this product for use during pregnancy 
has not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin injec- 
tion is a clear and colorless sterile aqueous solution for parenteral administra. 
tion. It is stable and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole. negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter Sp., group D 
streptococci, and staphylococci, including Staphylococcus aureus (coagulase- 
positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infec- 
tions; gastrointestinal infections, including peritonitis; and serious skin. bone, 
and soft-tissue infections, including burns, caused by the susceptible organisms 
listed above. Clinical studies have shown Nebcin also to be effective in serious 
complicated and recurrent urinary tract infections due to these organisms. 
Aminoglycosides, including Nebcin, are not indicated in uncomplicated initial 
episodes of urinary tract infections unless the causative organisms are not 
susceptible to antibiotics having less potential toxicity. Nebcin may be considered 
in serious staphylococcal infections when penicillin or other potentially less toxic 
drugs are contraindicated and when bacterial susceptibility testing and clinical 
judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate 
and identify etiologic organisms and to test their susceptibility to tobramycin. If 
susceptibility tests show that the causative organisms are resistant to tobramy- 
cin, other appropriate therapy should be instituted. In patients in whom gram- 
negative septicemia, neonatal sepsis, or meningitis is suspected, including those 
in whom concurrent therapy with a penicillin or cephalosporin and an aminogly- 
coside may be indicated, treatment with Nebcin may be initiated before the 
results of susceptibility studies are obtained. The decision to continue therapy 
with Nebcin should be based on the results of susceptibility studies, the 
severity of the infection, and the important additional concepts discussed in the 
WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory para lysis have been reported in cats 
receiving very high doses of tobramycin (40 mg. / Kg.). The possibility that these 
phenomena may occur in man should be considered if tobramycin is adminis- 
tered to patients whoare alsoreceiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 


Cross.allergenicity among aminoglycosides has been demonstrated. 

if overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 

Adverse Reactions: Nephrotoxicity —Renal function changes, as shown by rising 

BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased 

proteinuria, have been reported, especially in patients with a history of renal * 

impairment who are treated for longer periods or with higher doses than those 

recommended. 

Neurotoxicity —Adverse effects on both the vestibular and auditory branches 
of the eighth nerve have been noted, especially in patients receiving high doses or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the 
ears, and hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than 
those recommended. 

Other reported adverse reactions possibly related to Nebcin include increased 
serum transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, 
granulocytopenia, and thrombocytopenia; and fever, rash, itching, urticaria, 
nausea, vomiting, headache, andlethargy. 

Suggested Dosage Guides —1.M. / 1. V.: 

Usual dosage for adults, children, and older infants (normal renal function)— 
3mg./Kg./day administered in three equal doses every eight hours. In life- 
threatening situations, the dosage may be increased up to 5 mg./Kg./day 
administered in three or four equal doses. This dosage should be reduced to 
3mg./Kg./day as soon as clinically indicated. (Refer to Table 1 for 
dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 

Up to 4 mg./Kg. /day may be given in two equal doses every twelve hours. 

The usual duration of treatment is seven to ten days. 

Dosage guidelines for adult or pediatric patients with reduced renal function— 
After a loading dose of 1 mg. /Kg., subsequent dosage must be adjusted either 
with reduced doses at eight-hour intervals or with normal doses at prolonged 
intervals. To determine the reduced dose at eight-hour intervals, see the conven- 
ient nomogram in the package literature.* To calculate normal dosage at 
prolonged intervals (if the creatinine clearance rate is not available and the 
patient's condition is stable), the following formula may be used: 

1 mg./Kg.q.(6 x serumcreatinine) h. 

Neither regimen should be used when dialysis is being performed. 

I. V. Administration —The usual volume of diluent for adults is 50to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. 
The diluted solution usually should be infused over a period of twenty to sixty 
minutes. 


“An alternate rough guide for determining reduced dosage at eight-hour intervals (for patients 


whose steady-state serum creatinine values are known) is to divide the normally recommended 
dose by the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg./Kg.q.8h. 


For Patient 
Weighing 


1 


i 

i 

mg. /dose mi/dose'| — mg./dose *| 
q.8h. | q. 8h. 

120 mg. 3 ml 200 mg. 5 ml i 
115 mg. 2.9 ml 191 mg. 4.75 ml. | 
110 mg. 2.75mi. 183 mg. 4.5 ml | 
105 mg. 175 mg. 44 ml. | 
100 mg. 166 mg. | 
95 mg. 158 mg. | 
90 mg. 150 mg. | 
85 mg. 141 mg. 5 mL | 
80 mg. 133 mg. a 
| 

| 

] 

| 

i 

| 

| 

| 


mil. /dose 


3 
H 





75 mg. 125 mg. 
116 mg. 
108 mg. 
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"Applicable to all product forms except Nebcin, Pediatric. injection (see How Supplied). 


How Supplied: Ampoules Nebcin (tobramycin sulfate, Lilly) Injection, 80 mg. 
(equivalent to tobramycin) per 2 ml., 2 ml, rubber stoppered. 

Ampoules Nebcin, Pediatric, Injection, 20 mg. (equivalent to tobramycin) per 2 
ml., 2 mi., rubber stoppered. 

Hyporets® (disposable syringes, Lilly) Nebcin Injection, 60 mg. (equivalent to 
tobramycin) per 1.5 ml., 1.5 ml., and 80 mg. (equivalent to tobramycin) per 2 
mi., 2ml., in packages of 24. 

Each ml. also contains 5 mg. phenol asa preservative, 3.2 mg. sodium bisul- 
fite, 0.1 mg. disodium edetate, and water for injection, q.s. Sulfuric acid and/or 
sodium hydroxide may have been added to adjust the pH. [063075] 


Lilly 


500779 


Additional information available 
to the profession on request. 


Eli Lilly and Company 
Indianapolis, Indiana 46206 
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"Some degree of edema accompanies most 
head injuries. Various methods have been 
used to control this, but at present the most 
efficient method is use of...dexamethasone 
[DECADRON']... .The effect of this is not well 
understood, but there is little question that 


edema of the brain is significantly lessened by 
Its use.” 


Ritchie WP: The emergency care of cerebral injuries, 
J Lancet 86:255, June 1966. 


The use of DECADRON in cerebral edema is 
not a substitute for careful neurosurgical eval- 
uation and definitive management such as 
neurosurgery or other specific therapy. 


Dosage for cerebral edema 


Injection DECADRON Phosphate is generally 
administered initially in a dosage of 10 mg 
dexamethasone phosphate (2.5 ml) IV followed 
by 4 mg dexamethasone phosphate (1 ml) IM 


Contraindications: Systemic fungal infections. 


Warnings: In patients on corticosteroid therapy subjected 
to unusual stress, increase dosage of rapidly acting corti- 
costeroids before, during, and after the stressful situation. 
Corticosteroids may mask some signs of infection; new 
infections, decreased resistance, and inability to localize 
infection may occur. Prolonged use of corticosteroids may 
produce posterior subcapsular cataracts and glaucoma 
with possible damage to optic nerves and may enhance 


the establishment of secondary, fungal or viral ocular in- 
fections. 


Usage in pregnancy: In pregnancy, nursing mothers, or 
women of childbearing potential, weigh possible benefits 
against potential hazards to mother and embryo or fetus. 
Infants of mothers on substantial doses of corticosteroids 


during pregnancy should be carefully observed for Signs 
of hypoadrenalism. 


Elevation of blood pressure, salt and water retention, and 
increased excretion of potassium may occur with large 
doses of synthetic corticosteriods; dietary salt restriction 
and potassium supplementation may be necessary. All 





(Dexamethasone Sodium 
Phosphate|MSD) 









every six hours until Symptoms of cerebral 
edema subside. Response is usually noted 
within 12 to 24 hours and dosage may be re- 
duced after two to four days and gradually dis- 
continued over a period of five to seven days. 
For the palliative management of patients with 
recurrent or inoperable brain tumors, main- 
tenance therapy should be individualized with 
either Injection DECADRON Phosphate or Tab- 
lets DECADRON (supplied as 1.5-, 0.75., 0.5-, 
and 0.25-mg tablets). Two mg two or three 
times daily may be effective. The smallest dos- 
age necessary to control cerebral edema should 
be utilized. The usual precautions in regard 
to corticosteroid therapy should be employed, 
and antacids, anticholinergic drugs, and diet 
measures to prevent gastrointestinal ulcer or 
hemorrhage should be considered. Please read 
the brief summary below, and consult full pre- 


scribing information before prescribing or 
administering. 


corticosteroids increase calcium excretion. Patients on 
corticosteroid therapy should not be vaccinated against 
smallpox and other immunization procedures should not 


be undertaken. Corticosteroids may suppress reactions 
to skin tests. 


In active tuberculosis, use should be restricted to fulmi- 
nating or disseminated tuberculosis and should be in 
conjunction with appropriate antituberculous regimen; in 
latent tuberculosis or tuberculin reactivity, close observa- 
tion is necessary as reactivation of the disease may occur, 
and patients should receive chemoprophylaxis during pro- 
longed corticosteroid therapy. 


Because rare instances of anaphylactoid reactions have 
occurred in patients receiving parenteral corticosteroid 
therapy, appropriate precautionary measures should be 
taken prior to parenteral administration, especially in pa- 
tients with history of drug allergy. 


Precautions: ORAL AND PARENTERAL THERAPY—Drug-induced 
Secondary adrenocortical insufficiency may persist for 
months after discontinuation of therapy and may be mini- 
mized by gradual reduction of dosage; in any situation of 


stress occurring during tnat period, hormone therapy 
should be reinstituted. if patient already is receiving ste- 
roids, dosage may have to be increased. Since mineralo- 
corticoid secretion may be impaired, salt and/or a 
mineralocorticoid should be administered concurrently. 


In hypothyroidism and in cirrhosis, there is an enhanced 
effect of corticosteroids. Use cautiously in patients with 
ocular herpes simplex for fear of corneal ulceration and 
perforation. 


The lowest possible dose should be used, and when re- 
duction in dosage is possible, it must be gradual. Psychic 
derangements may appear, ranging from euphoria, in- 
somnia, mood swings, personality changes, and severe 
depression to frank psychotic manifestations, and existing 
emotional instability or psychotic tendencies may be ag 
gravated. In hypoprothrombinemia, use aspirin cautiously 
in conjunction with corticosteroids. 


Use with caution in nonspecific ulcerative colitis, if there 
is a probability of impending perforation, abscess, or other 
pyogenic infection; also in diverticulitis, fresh intestinal 
anastomoses, active or latent peptic ulcer, renal insuffi- 
ciency, hypertension, osteoporosis, and myasthenia gravis. 
Fat embolism has been reported as a possible complica- 
tion of hypercortisonism. An ulcer regimen including an 
antacid should be considered as a prophylactic measure 
during prolonged therapy. 


Growth and development of infants and children on pro- 
longed therapy should be carefully followed. Motility and 
number of spermatozoa may be increased or decreased. 
Diphenylhydantoin may enhance the rate of metabolism 
and clearance of corticosteroids, and this may increase 
steroid dosage requirements. 


OnaL THERAPY— Dosage must be individualized according 
to severity of disease and response of patient. Blood pres- 
sure, body weight, routine laboratory studies, including 
2-hour postprandial blood glucose and serum potassium, 
and a chest x-ray should be obtained at regular intervals 
during prolonged therapy. Upper G.I. x-rays are desirable 
in patients with known or suspected peptic ulcer disease. 
Continued supervision of patient after cessation of corti- 
costeroids is essential, since there may be a sudden re- 
appearance of severe manifestations of disease for which 
patient was treated. 


PARENTERAL THERAPY— The injectable form is sensitive to 
heat and should not be autoclaved when it is desirable to 
sterilize the exterior of the vial. Intra-articular injection 
may produce systemic as well aS local effects. Appropriate 
examination of any joint fluid present is necessary to ex- 
clude a septic process. Marked increase in pain accom- 
panied by local swelling, further restriction of joint mo- 
tion, fever, and malaise are suggestive of septic arthritis; 
if this complication occurs and diagnosis of sepsis is con- 
firmed, appropriate antimicrobial therapy should be in- 
stituted. Local injection of a steroid into an infected site is 
to be avoided. Should not be injected into unstable joints. 
Patients should be impressed strongly with the impor- 
tance of not overusing joints in which symptomatic bene- 
fit has been obtained as long as the inflammatory process 
remains active. The slower rate of absorption by intra- 
muscular administration should be recognized. 


Adverse Reactions: ORAL AND PARENTERAL THERAPY—fF luid 
and Electrolyte Disturbances: Sodium retention; fluid re- 
tention; congestive heart failure in susceptible patients; 
potassium oss; hypokalemic alkalosis; hypertension. 
Musculoskeletal: Muscle weakness; steroid myopathy; 
loss of muscle mass; osteoporosis; vertebral compression 
fractures; aseptic necrosis of femoral and humeral heads; 


pathologic fracture of long bones. Gastrointestinal: Peptic 
ulcer with possible subsequent perforation and hemor- 
rhage; pancreatitis; abdominal distention; ulcerative 
esophagitis. Dermatologic: Impaired wound healing; thin 
fragile skin; petechiae and ecchymoses; erythema; in- 
creased sweating; may Suppress reactions to skin tests; 
other cutaneous reactions. Neurologic: Convulsions; in- 
creased intracranial pressure with papilledema (pseudo- 
tumor cerebri) usually after treatment; vertigo; headache. 
Endocrine: Menstrual irregularities; development of cush- 
ingoid state; suppression of growth in children; secondary 
adrenocortical and pituitary unresponsiveness, particu- 
larly in times of stress, as in trauma, surgery, or illness; 
decreased carbohydrate tolerance; manifestations of la- 
tent diabetes mellitus; increased requirements for insulin 
or oral hypoglycemic agents in diabetics. Ophthalmic: 
Posterior subcapsular cataracts; increased intraocular 
pressure; glaucoma; exophthaimos. Metabolic: Negative 
nitrogen balance due to protein catabolism. 


PARENTERAL THerapy—Hypotensive or shock-like reaction 
hypersensitivity; thromboembolism; burning or tingling, 
especially in the perineal area (after IV injection); rare in- 
stances of blindness associated with intralesional therapy 
around the face and head; hyperpigmentation or hypo- 
pigmentation; subcutaneous and cutaneous atrophy; ster- 


ile abscess; postinjection flare (following intra-articular 


use); Charcot-like arthropathy. 


How Supplied: Tablets in four strengths: 1.5 mg dexa- 
methasone, in bottles of 50; 0.75 mg dexamethasone, in 
5.12 PAK® (package of 12), single-unit packages of 100, 
and bottles of 100 and 1000; 0.5 mg dexamethasone, in 
bottles of 100 and 1000; and 0.25 mg, in bottles of 100. 
Injection, in 1-ml disposable syringes and i-mi, 5-ml, and 
25.mi vials, containing per ml: dexamethasone sodium 
phosphate equivalent to 4 mg dexamethasone phosphate 
or 3.33 mg dexamethasone, 8 mg creatinine, 10 mg so- 
dium citrate, sodium hydroxide to adjust pH, water for 
injection q.s. 1 ml, and 1 mg sodium bisulfite, 1.5 mg 
methylparaben, and 0.2 mg propylparaben added as pre- 
servatives. 


For more detailed information, consult your MSD repre- 
sentative or see full prescribing information. Merck Sharp 
& Dohme. Division of Merck & Co., INC., West Point, Pa. 
19486 
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Edited by Mark W. Wolcott, M.D. 


Here is the fifth edition of a Clinically oriented volume 
providing a clear "how to do it" approach covering 
most of the simpler conditions of the skin, bones, 
joints, and bursa in a succinct, easy-to-follow Style. 

For this revision the material on fracture and on soft 
tissue is consolidated, making reference to this infor- 
mation much easier. New chapters include 
Cryosurgery, and Shunts and Fistulas for 
Hemodialysis. Ambulatory Gynecology is a new sub- 
ject to this edition, and the chapter on Snake Bite and 





This work, a contribution of recognized authorities 
writing from their own surgical experience, is a classic 
blend of basic scientific knowledge and advanced 
surgical techniques. Chapters range from Hyperlipo- 
proteinaemia and Vascular Disease to Micro Vascular 
Surgery. 

Full attention is given to anatomy and physiology, 
etiology, pathology, signs and symptoms, laboratory 
tests and such sophisticated modalities as ultrasound 
flow detectors, angiography, phlebography, differen- 
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This popular volume has served as a guide to the 
ject of "minor surgery" for more than 


doctor in the sub 
thirty years. 


Surgery, Gynecology and Obstetrics said of the previ- 


ous edition: "This book covers the field... admirably, 


and it is an invaluable work for every surgeon who 
treats patients in his office." 


994 pages / 408 illustrations / 5th Edition, 1974 
Flexible binding, $27.00 


PERIPHERAL VASCULAR SURGERY 


Edited by Martin Birnstingl, M.D., F.R.C.S. 


tíal diagnosis, treatment and prognosis. 

The authors provide critical assessment of long-term 
results of arterial reconstruction in various anatomical 
situations, based on their appreciation of current vas- 
cular surgery. 

^ .. 8 pleasure to read. It is of particular value to the 
Surgeon interested in vascular disease, but it is also an 
excellent review book for all interested in newer trends 
in vascular surgery."—The Lancet. 

447 pages / 143 illustrations / 1973 / $21.00 
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A rabbit antiserum (RABCa) to membrane antigenic extracts of 
human bladder carcinomas was produced. RABCa failed to de- 
tect bladder cancer-specific antigens in gel diffusion reactions 
against antigenic extracts of bladder carcinoma and normal blad- 
der mucosa. However, RABCa showed higher complement fixa- 
tion activity against urines from bladder cancer patients com- 
pared with normal urines. The micro-complement fixation (CF) 
assay (108 patients) was positive in 17 of 27 bladder cancer 
patients (62.9%) compared to only 1 of 29 normals (3.4%). How- 
ever, 10 of 11 patients with urinary infections also were positive. 
A micro-Ouchterlony agar gel diffusion assay was also used to 
study urine samples (118 patients). RABCa produced separate 
precipitin bands against 20 of 30 bladder cancer urines (66.7%) 
while only 1 of 24 normal urines gave these bands (4.2%). Again, 
infected urines were positive (9 of 11). Additionally, urine from 
patients with benign urological disease was often positive in CF 
(11 of 41) and Ouchterlony (15 of 43) assays. RABCa serum was 
absorbed with normal bladder mucosa membrane extracts either 
once (1X) or three times (3X) to increase the specificity of the 
Ouchterlony gel diffusion assay. Using RABCa (1X) the per cent 
of positive bladder cancer urines and normals decreased only 
slightly, while the number of positive reactions against benign 
urological disease urines dramatically decreased (17.9%). RABCa 
(3X) further reduced the per cent of positive reactions with benign 
urological disease urines (10.3%), greatly reduced the reactivity 
with infected urines (60.0%), and gave no positive reactions with 
normal urines, without significantly decreasing the ability to de- 
tect bladder carcinoma (51.9%), Although RABCa was 100% 
effective in detecting high grade (IID bladder tumors, almost 
two-thirds of all transitional cell papilloma urines were also posi- 
tive. The nature of the material detected in bladder cancer and 
infected urines by RABCa is probably a product of in vivo in- 
flammation. It does not appear to be part of the bacterial cell 
membrane or a bacterial metabolite. CEA (up to 10 ng/ml) did not 
produce positive precipitin bands with RABCa. Sephadex G-100 
fractionation of urines suggests that RABCa reacts in the CF and 
Ouchterlony assays with a component of urine which has a 
molecular weight greater than 100,000-200,000 M.W. In sum- 
mary, an antiserum has been prepared which may be used in 
micro-complement fixation and micro-Ouchterlony agar gel dif- 
fusion assays for immunological screening in the early detection of 
clinical disease, especially bladder cancer and urinary infection. 


MM M—M—M MÀ ULSA 
Presented at the Annual Meeting of the American Surgical Associa- 
tion, Quebec City, Quebec, May 7-9, 1975. 
"Department of Surgery, Harvard Medical School. Boston. Mass. 
*College of Pharmacy and Allied Health Professions. Northeastern 
University, Boston, Mass. 
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Immunological Detection of Human Bladder Carcinoma 
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T: IMPORTANCE of early diagnosis to curability is 

clearly demonstrable in human bladder carcinoma, 
especially when careful standardized staging is used,'® 
The most commonly encountered tumors are low grade, 
low stage lesions usually treatable by transurethral resec- 
tion and associated with a high 5-year survival rate.!2 
Progressive local extension of primary bladder tumors is 
associated with progressive reduction in 5-year survival; 
as well as increased necessity for extensive and radical 
therapy with increased morbidity and mortality. An eas- 
ily applied screening test which detects bladder car- 
cinoma in early stages should significantly reduce mor- 
bidity and mortality of the disease and the amount of 
treatment necessary, thereby significantly increasing 
curability and patient survival. 

A number of immunological studies have shown that 
certain neoplastic cells have associated tumor antigens of 
varying specificity which can under certain cir- 
cumstances elicit cellular and humoral responses.” Sig- 
nificant examples of such antigens are carcinoembryonic 
antigen (CEA) (a glycoprotein associated with colon 
cancer), alpha-fetoglobulin (a globulin associated with 
human hepatomas), gastric juice fetal sulfaglycoproteins 
(glycoproteins associated with gastric cancer), and other 
glycolipid antigens associated with gastrointestinal can- 
cers. Currently, the specificity and clinical usefulness of 
detection of these antigens is quite variable depending on 
the antigen detected, the major limitation being a high 
proportion of false-positive and false-negative reactions. 

A number of recent studies in animals and man have. 
Suggested that bladder tumors may have specific, as- 
sociated antigens. Tumor specific or associated antigens 
have been identified by Daly et al. in formamide- 
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induced bladder tumors in rats and by Taranger et al." in 
methylcholanthrene-induced bladder tumors of mice and 
rats. Studies by Bubenik et al?” have established that 
bladder cancers in man share antigens specific to their 
tissue of origin in the bladder. Thus, peripheral blood 
leukocytes from bladder cancer patients are cytotoxic to 
primary cultures of bladder cancer cells from their own 
(autologous) tumor and from other patients (allogeneic) 
tumors. Cytotoxic complement-dependent antibodies 
and blocking antibodies which can prevent the cytotoxic 
action of leukocytes on bladder tumor target cells have 
also been demonstrated. These findings of a general im- 
munological reaction by the host towards antigenic de- 
terminants of bladder tumors are similar to findings in 
several other forms of malignancy using similar im- 
munological methods." Taken together, these studies 
suggest the possibility that specific antigens may be asso- 
ciated with human bladder carcinomas. 

The studies described below represent preliminary ex- 
periments designed to try to identify bladder tumor as- 
sociated antigen(s) or other bladder carcinoma as- 
sociated compounds in the urine of bladder cancer pa- 
tients. 


Materials and Methods 


I. Preparation of Human Bladder Carcinoma Membrane 
Antigenic Extracts 


Membrane antigenic extracts were prepared by a 
method similar to that of Oren and Herberman" as mod- 
ified from the methods of Davies’ and Mann and Nathan- 
sen.'! Proven bladder carcinomas (all stages) were ob- 
tained at surgery or autopsy. All grossly normal and 
connective tissue was dissected free from the tumor and 
discarded. Cleaned tumor specimens were cut in 5 mm 
cubes and stored at —22 C until used. For preparation of 
antigenic extracts, the tissue from one bladder carcinoma 
specimen was thawed and finely minced in 0.976 saline. 
The minced tissue was mechanically homogenized and 
centrifuged at 2000 g for 30 minutes. The supernatant was 
set aside. The pellet was resuspended in 0.446 saline, 
homogenized, centrifuged at 2000 g for 30 minutes and 
the supernatant set aside. The pellet was then resus- 
pended in 0.296 saline, homogenized, centrifuged 2000 g 
for 30 minutes, and the supernatant set aside again. This 
procedure was repeated once more with distilled water 
and the final pellet discarded. The pooled supernatants 
containing the membrane antigenic extracts were 
dialyzed against sucrose crystals at 4 C (to achieve a 20X 
concentration) and stored at —22 C in 5 cc aliquots. The 
procedure for membrane antigenic extraction was per- 
formed separately on each bladder carcinoma specimen. 
2. Preparation of Normal Bladder Mucosa Membrane 
Antigenic Extracts 


Normal bladder mucosa was obtained at autopsy from 
patients with normal urinary tracts who died of non- 
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malignant, non-septic causes. Normal mucosa was ex- 
cised away from underlying muscle and submucosal tis- 
sue and stored at —22 C. Normal membrane antigenic 
extracts were prepared from normal bladder mucosa by 
the same method used above for bladder carcinoma 
extracts. 


3. Preparation of Rabbit Anti-bladder Carcinoma Serum 
(RABCa) 


Membrane antigenic extracts from bladder carcinomas 
from four separate patients were used to immunize 6 
white New Zeland rabbits. The rabbits were immunized 
primarily with bladder cancer antigenic extracts from one 
patient incorporated into complete Freund's adjuvant 
(CFA) injected intradermally. Each rabbit received a 
total of 6 mg bladder carcinoma membrane antigenic pro- 
tein extract. Three weeks later rabbits were boosted in- 
travenously with saline suspensions of bladder carcinoma 
antigenic extracts (6 mg bladder carcinoma extract 
protein/injection) on three consecutive days, the saline 
extract of one different patient being given on each day. 
One week after the last booster injection, rabbits were 
exsanguinated, the serum harvested, pooled, decom- 
plemented (56 C, 20 minutes) and stored in | ml aliquots 
at —22 C until used. The antigenic extract from a different 
patient was used for primary immunization and three 
subsequent booster injections each time to achieve the 
theoretical advantage that rabbits would be repeatedly 
exposed to antigens common to the human bladder car- 
cinomas but would not be repeatedly exposed to indi- 
vidual specific antigens present separately in individual 
tumors. This latter possibility would occur if the mem- 
brane antigenic extracts were all pooled prior to primary 
immunization and subsequent boosting. 

In certain experiments, crude RABCa serum was ab- 
sorbed with normal bladder mucosa antigenic extracts. 
Absorption was carried out by incubating 2.0 mg normal 
bladder antigenic protein extract per ml RABCa for 12 
hours at 4 C. The RABCa was centrifuged at 3000 g for 20 
minutes to remove the precipitate formed after addition 
and incubation with normal antigenic extract. 


4. Ouchterlony Gel Diffusion Methods 


Precipitin reactions in gels were performed using 
RABCa against various antigens. Dehydrated agarose 
plates obtained from Marine Colloids, Inc. were used. 
Plates were hydrated with distilled water and the appro- 
priate wells filled with various concentrations of antibody 
(RABCa) and antigen. Plates were allowed to react over- 
night at room temperature followed by incubation at 4 C 
for another 24 hours. Once reacted, the plates were 
washed for four days with saline at 4 C followed by a one 
day wash with distilled water. Plates were then air dried 
at room temperature and stained with Amido Black 10B 
protein stain. 
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5.' Microcomplement Fixation (CF) Assay 


The microcomplement fixation method of Levine!? was 
used to assay reactivity of RABCa against antigen in the 
form of urine samples or tissue membrane antigenic 
extracts. In brief, antibody (RABCa) in fixed concentra- 
tion of a 1:2000 serum dilution, a 1:200 concentration of 
guinea pig complement (Colorado Serum Co.), and vari- 
ous concentrations of antigen (urine samples or mem- 
brane antigenic extracts) were reacted in tris- HCl buffer 
(pH 7.2) containing 1x10 * M Ca^* and 5x104 M Mg^* 
for either 18 hours at 4 C or | hour at 37 C. Appropriate 
antibody, antigen, cell and buffer control controls were 
included with each assay. After incubation, antibody- 
coated sheep erythrocytes (Colorado Serum Co.) were 
added and the reaction was allowed to proceed at 37 C 
until antigen and antibody controls showed 90% lysis of 
sheep erythrocytes. Tubes were cooled (4 C), spun for 3 
minutes at 3000 g and the supernatant hemoglobin was 
read at 413 nm (Beckman DU). The per cent complement 
was determined by the relative amount of supernatant 
hemoglobin in the experimental tubes to 100% supernat- 
ant hemoglobin release in the antigen and antibody con- 
trol tubes. The per cent complement fixed was graphed 
versus the antigen concentration and a specific comple- 
ment fixation curve was produced (see below). 


6. Sephadex Fractionation of Urine Samples 


For studies involving the Sephadex fractionation of 
normal or bladder carcinoma urines, 24 hour urine sam- 


ples were collected in sterile containers (kept at 4 C. 


during the collection period), centrifuged at 3000 g (20 
minutes) to remove sediment, and then dialyzed over- 
night against saline at 4 C. Total 24 hour samples were 
then concentrated by addition of 5096 saturated am- 
monium sulfate. The precipitate was allowed to form for 
4 hours at 4 C and then spun down at 3000 g (20 minutes). 
The precipitate was dissolved in saline and the protein 
concentration adjusted to 2.5 mg/cc total protein. The 
concentrate was then dialyzed overnight against saline at 
4 C. Initial fractionation was carried out by layering a | cc 
sample of the concentrate on a 30 x | cm Sephadex G-100 
column followed by elution with tris-HC1 buffer (pH 7.2). 
The first Sephadex G-100 peak was concentrated by 
diafiltration (Amicon Co.) and further fractionated by 
layering a 1 cc sample on a 30 x | cm Sephadex G-200 
column followed by a similar elution process. All frac- 
tions were stored at —22 C until studied. 


7. Processing of urine samples for complement fixation 
(CF) and Ouchterlony Gel Diffusion Assays 


Urine samples to be studied in microcomplement (CF) 
and Ouchterlony gel diffusion assays were collected as 
clean-voided specimens. Urine samples were dialyzed 
overnight against saline at 4 C and then centrifuged at 
3000 g (20 minutes) to remove all sedimented material. 
Centrifuged, dialyzed samples were stored at —22 C in 1 
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Fic. la and b. Micro-complement fixation (CF) assay. RABCa serum 
(dilution 1:100) was reacted with progressively decreasing concentra- 
tions of membrane antigenic extracts from either bladder carcinomas 
(-*—)or normal bladder mucosa (—9o-—). Fic. la. (top) Incubation at 37 
C for 1 hour. Fic. 1b. (bottom) Incubation at 4 C for 18 hours. Note that 
both CF graphs demonstrate that RABCa can detect or differentiate 
bladder carcinoma membrane extracts from normal bladder mucosa 
extracts. 


cc aliquots until used. Urine samples were cultured by 
standard bacteriological methods prior to processing. 


Results 


l. Reaction of Rabbit Anti-bladder Cancer Serum 
(RABCa) Against Membrane Antigenic Extracts of Blad- 
der Carcinoma and Normal Bladder Mucosa 

Solutions of membrane antigenic extracts of bladder 
carcinoma and normal bladder mucosa were reacted 
against RABCa in agar gel diffusion studies. Multiple 
precipitin bands were invariably produced against all 
samples of antigenic extracts from bladder carcinoma and 
normal bladder mucosa. Although separate precipitin 
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Fic. 2a and b. Micro-complement fixation (CF) assay. RABCa serum 


was reacted with progressively decreasing concentrations of urine from 
either bladder cancer patients (~®—) or normals (~°—). Fic. 2a. (top) 
Incubation at 37 C for 1 hour. Fic. 2b. (bottom) Incubation at 4 C for 18 
hours. Note that RABCa serum clearly detected and differentiated 
cancer urines from normal urines by comparison of the protein (ug) 
which gave 50% CF. 


bands were frequently present against certain (but not all) 
bladder carcinoma antigenic extracts while absent against 
normal mucosa antigenic extracts, absorption of RABCa 
(1X) with normal mucosal antigenic extracts removed 
these precipitin lines against bladder carcinoma antigenic 
extracts in subsequent Ouchterlony gel diffusion studies. 
Thus, antigen (s) specific to bladder cancer could not be 
identified by this technique. 


4. Reaction of RABCa Serum Against Bladder Car- 
cinoma and Normal Bladder Mucosa Extracts in Mi- 
crocomplement Fixation (CF) Assay 


The crude RABCa serum was reacted with membrane 
extracts of bladder carcinoma and normal bladder mu- 
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cosa using the microcomplement (CF) assay. When ‘a 
standard dilution (1:100) of RABCa serum was reacted in 
CF assay against progressively decreasing amounts of 
normal bladder mucosa extracts and bladder cancer 
extracts different CF assay curves were obtained. Thus, 
when incubation was at 37 C for | hour (Fig. la) 50% 
complement fixation (CF) occurred with normal mucosa 
antigenic extract at a concentration of 100-33 ug/ml. In 
contrast, 50% CF occurred between | and 0.3 ug/ml with 
bladder cancer antigenic extracts. The difference in CF 
curves obtained was more impressive when incubation 
was done at 4 C for 18 hours (Fig. Ib). In this study, peak 
complement fixation (90-95%) with cancer antigenic 
extracts was observed to a total protein concentration of 
| ug/ml with a fall to less than 20% at 0.03 ug protein 
concentration. Peak fixation with normal tissue extracts 
was obtained to protein concentrations of 10 ug with a fall 
to less than 20% at 1 ug. Normal mucosa extract had a 
50% CF between 11 and 3 ug protein concentrations 
while bladder cancer gave a 50% CF between 0.3 and 0.1 
ug protein concentrations. Thus, RABCa serum could 
detect or differentiate the bladder cancer membrane 
extract from the normal bladder mucosa extract by the 
differences in protein concentration of the test antigen 
(antigenic extract) required to give a 50% (or less) com- 
plement fixation in the microcomplement fixation reac- 
tion. 


J. Reaction of RABCa serum with urine samples from 
bladder cancer patients and normal patients in the mi- 
crocomplement (CF) assay 


Since RABCa serum could differentiate bladder car- 
cinoma membrane antigenic extracts from normal mu- 
cosa extracts in the CF assay, an attempt was made to 
see if the RABCa would similarly differentiate bladder 
cancer urine from normal urine. Urines from proven 
cases of bladder cancer and from living renal transplant 
donors (worked up to have proven normal urinary tracts) 
were studied. In a typical CF titration, when incubation 
was done at 37 C for one hour (Fig. 2a) normal urine gave 
a 50% CF at 100 ug/ml urinary protein while bladder 
cancer urine gave a 50% CF assay between | and 0.3 
ug/ml urinary protein. When incubation was done at 4 C 
for 18 hours, the difference in CF assays was even more 
striking (Fig. 2b). Normal urines gave a 50% CF at uri- 


TABLE 1. 50% Complement Fixation, RABCa vs. Urine 








Diagnoses n % Positive CF Assay* P 
Bladder carcinoma 27 62.9% «0.001 
Normal 29 3.466 —— 
Benign urological disease — 41 26.8% <0.001 
Urinary Infection 

(bacterial and fungal) li 90.9% <Q.001 





*Urine protein <5.0 ug/ml 
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nary protein concentration between 11 and 3 ug/ml while 
bladder cancer urines gave a 50% CF at protein concen- 
trations between 0.1 and 0.01 ug/ml. Thus, the RABCa 
easily detected and differentiated cancer urines from 
normal urines by selection of those urines which gave a 
50% or more CF assay when RABCa was reacted with 
very dilute urines, i.e. those containing trace amounts of 
protein between 0.1 and 0.01 ug/ml. Presumably, the 
persistent, positive CF with RABCa against cancer pa- 
tients' urine was due to the reaction of RABCa against 
antigens present in trace amounts in cancer urine but 
absent in normal urine. 


4. Reaction of Crude RABCa Serum in CF Assay Against 
Urine from Normal, Bladder Cancer and Other Patients 


Crude RABCa serum was reacted in CF assay against 
urine from normal patients (living kidney donors with 
proven normal urinary tracts) and patients with proven 
bladder cancer (all stages), benign urological disease 
(nephrolithiasis, benign prostatic hypertrophy, non- 
septic urethritis, etc.) and urinary tract infection (bacte- 
rial and fungal, >10° colonies/ml). Except for the latter 
group, all urine samples were not infected. Table | gives 
the per cent positive CF assays taking a 50% or greater 
complement fixation at urine protein —5.0 ug/ml. Only 
3.4% of normal urines gave a positive assay, while 63% of 
bladder carcinomas were positive. However, 10 of 11 
infected urines were positive as were 25% of urines as- 
sociated with benign urological disease. These studies 
showed that normal urine rarely gave a positive CF as- 
say. Although over 60% of bladder cancers were detected 
by a positive CF assay, a positive assay was not specific 
for bladder cancer. Of potential importance was the un- 
explained finding that almost all urinary infections gave a 
positive CF assay. 


5. Reaction of RABCa Serum Versus Urine in Ouchter- 
lony Gel Diffusion Assay 


The urine samples studied in the CF assays above were 
reacted in micro-Ouchterlony gel diffusion plates against 
RABCa. Fig. 3 shows a sample study. Samples of normal 
urine invariably gave either no precipitin bands or only an 
inner (close to the center well) band (or group of bands). 
Cancer urine frequently gave the same inner band but 
also a separate outer band (or group of bands). However, 


TABLE 2. Positive Ouchterlony Assays: 
Unabsorbed RABCa vs. Urine 


Diagnoses n 





% Positive Ouchterlony P 
Bladder carcinoma 30 66.7% <0.001 
Normal 24 4.2% —— 
Benign urological disease 43 34.9% <0.001 
Urinary infection 
(bacterial and fungal) 11 81.8% <0.001 


I ————————_———————— 
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FiG. 3. Micro-Ouchterlony agar gel diffusion assay. RABCa serum 
(center well) produced an inner band with all urine samples but only 
gave outer bands against urine from patients with bladder cancer (144 


and 145). (cc = cancer control, nc = normal control, 142 = cholecys- 
titis, 143 — prostatic carcinoma) 


infected urines also invariably gave the same inner and 
outer bands of precipitation as seen with cancer urines. 
Absorption (x 1) of crude RABCa with normal bladder 
mucosa antigenic extracts frequently removed the inner 
precipitin band but left the outer band(s) in subsequent 
gel diffusion studies against cancer urines. Table 2 shows 
the results of positive Ouchterlony tests when crude 
RABCa was reacted against the various types of urine, 
taking the presence of the outer, second band as a posi- 
tive assay. Again, only 496 of normal urines were posi- 
tive, while 67% of cancers were positive. However, as 
with the CF assay, 3596 of benign urological diseases 
gave a positive result and almost all (78042) of infected 
urines were positive. 


6. Reaction of Normal Bladder Antigenic Extract Ab- 
sorbed RABCa Serum Versus Urine in Ouchterlony Gel 
Diffusion Assay 


Crude RABCa was absorbed 1X and 3X with saline 
membrane antigenic extracts of normal bladder mucosa. 
1X and 3X absorbed RABCa was reacted in the Ouchter- 
lony assay against the four categories of urine described 
above. Table 3 shows that 1X absorbed RABCa detected 
only 50% of bladder cancers, but gave a reduced (18%) 
number of positive reactions against benign urological 
disease urines. The per cent positive reactions with nor- 
mal and infected urines remained the same. 3X absorbed 
RABCa also gave positive assays against only 50% of 
bladder cancers, although only 10% of benign urological 
disease urines were positive. No normal urines were 
positive and the per cent of positive infected urines was 
reduced to 60%. Thus, use of absorbed RABCa serum 
significantly reduced the number of positive assays with 
benign urological disease, and to a lesser extent with 
infected urines. 








TABLE 3. Positive Ouchterlony Assays: 
Unabsorbed and Absorbed RABCa vs. Urine 


n % Positive Ouchterlony 
Diagnoses Unabsorbed 1X 3X Unabsorbed 1X 3X 
Bladder carcinoma 30 27 27 66.7 5L5 51,9 
Normal 24 30 30 4.2 3.3 0.0 
Benign urological 
disease 43 39 39 34.9 17.9 10.3 
Urinary Infection 
(bacterial and fungal) 11 12 10 81.8 83.3 60.0 


Ee 


7. Relationship of Histological Grade of Bladder Tumor 
to Ouchterlony Gel Diffusion Results 


Table 5 shows the number of false Ouchterlony gel 
diffusion assays when the urines from various histologi- 
cal grades of neoplasm were reacted against unabsorbed 
and 1X and 3X absorbed RABCa. Not enough grade I and 
II tumors were available for significant evaluation. How- 
ever, almost two-thirds of all transitional cell papillomas 
were detected by the unabsorbed RABCa as were all of 
the 7 grade III tumors. 


8. Effect of Addition of Bacteria to Normal Urines In 
Vitro on Reaction With RABCa in Gel Diffusion Assay 


Studies above clearly show that significant urinary in- 
fections are almost always associated with a positive 
Ouchterlony assay with RABCa. Rapaport!” has em- 
phasized that bacterial cell membranes may contain anti- 
gens which cross-react with antigens (histocompatibility) 
present in membranes of tissue cells. The possibility was 
considered that cross-reactivity of products of bacterial 
cell growth or parts of bacterial cell membranes with 
antigens in normal bladder tissue or bladder carcinoma 
might explain the invariable positive reactions of RABCa 
with infected urines. To test this possibility, normal 
urines (from normal donors, culture negative, and 
Ouchterlony negative against unabsorbed RABCa) were 
inoculated with standard cultures of gram positive and 
gram negative bacteria and incubated for 24 hours. These 
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TABLE 5. RABCa Serum vs. Bladder Cancer 
Urine-Ouchterlony Test: False-negative Results e 


laaa 


Ouchterlony Negative 


Bladder Tumor n Unabsorbed 1X 3X 
c 


Transitional 


cell papilloma 17 6 8 7 
Grade I 3 l 2 2 
Grade II 4 2 2 2 
Grade III 7 ses | 2 


urines were then tested in Ouchterlony gel diffusion 
against unabsorbed RABCa and did not give a positive 
Ouchterlony reaction. These experiments therefore failed 
to support the idea that a product of bacterial growth or 
part of the bacterial cell membrane was involved in the 
positive Ouchterlony reactions of infected urines with 
RABCa. Rather, the studies Suggest that the in vivo in- 
flammatory response to the infection more likely ac- 
counts for the positive reactions observed. 


9. Relationship of Carcinoembryonic Antigen (CEA) to 
Positive Ouchterlony Assays with Unabsorbed RABCa 


Several publications have emphasized that elevated 
levels of CEA or macromolecules with CEA activity are 
found with bladder carcinoma, urinary infections, and 
other conditions.9?!? An attempt was made to see if a 
positive Ouchterlony assay with unabsorbed RABCa 
could be produced with CEA antigen. Unabsorbed 
RABCa was reacted in gel diffusion against various con- 
centrations of purified CEA (2.5, 5, 10 ng/ml) (Hoffman- 
La Roche Co.) in goat serum. In all studies performed in 
gel diffusion, the CEA-containing serum gave an inner 
band of precipitation but not the positive outer precipitin 
band associated with bladder cancer or infection. 


10. Sephadex G-100 Fractionation of Normal and Blad- 
der Cancer Urine 


The identification of a separate precipitin band(s) in 
variably absent in normal urine but frequently present in 


TABLE 4. Fractionation of Urine (Sephadex G-100) 


Patient Diagnosis Pool I* Pool II* Pool I/Pool II 
A Normal 0.080 1.900 0.042 
B Normal 0.340 16.000 0.021 
E Normal 0.020 1.250 0.016 
D Bladder carcinoma 1.800 0.730 2.463 
E Bladder carcinoma 0.180 0.300 0.600 
F Bladder carcinoma 0.040 0.335 0.127 
G Bladder carcinoma 1.900 1.100 Lites 
H Bladder carcinoma 0.110 2.880 0.038 
I Bladder carcinoma 1.205 9.900 0.127 
d Multiple urethral 0.380 0.260 1.462 


papillomas 


*O.D. at 280 mu 
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FIG. 4. Sephadex G-100 fractionation of normal urine. Note that olya © 0.8 | 
small peak I component (100,000 M.W.) is normally present. 
O.6 
bladder cancer and infected urines suggested that this 
material(s) could be identified in urine by other means. 04 
Figure 4 shows a graph of a Sephadex G-100 fractionation | 
of 50% ammonium sulfate concentrated urine. Only a 
small peak I component (100.000 M.W.) is usually 0.2 
found with normal urine. In contrast, urine from bladder 


cancer patients showed a much larger peak I component 
(Fig. 5). As shown in Table 4, the ratio of peak I/peak II is 
very low in normal urine, but increases dramatically in 
bladder cancer urine. Further fractionation of the peak I 
component (obtained from Sephadex G-100 fractiona- 
tion) on G-200 Sephadex is shown in Fig. 6. At least 5 
peaks were obtained in this second fractionation. Pre- 
liminary studies have shown that reactivity with unab- 
sorbed RABCa in Ouchterlony gel diffusion is in peak I of 
G-100 separation and in peaks A and B of G-200 separa- 
tion. Furthermore, the increased reactivity of peak I (G- 
100) against unabsorbed RABCa is shown in Fig. 7 in 
which peak I protein clearly has increased complement- 
fixing reactivity in the CF assay over unfractionated 
urine. 
Discussion 


The above studies clearly have failed to identify a 
specific antigen associated with bladder carcinoma. 
Nevertheless, they have demonstrated the presence of a 
group of molecules, probably greater than 100,000 M.W., 
which appears very frequently in the urine of patients 
with bladder cancer and urinary tract infection and to a 
much lesser extent with benign conditions of the urinary 
tract. Most important, this material is rarely if ever de- 
tected in the urine of normal healthy adults by the 
methods used in the study. The nature of this material is 
undetermined. Failure to produce a positive Ouchterlony 
assay in our system by the addition of bacteria to normal 
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Fic. 5. Sephadex G-100 fractionation of bladder cancer urine. Note that 
the peak I component (>100,000 M.W.) is much larger than normal 
(Fig. 4). 


urine suggests that the antigen(s) in question occur in the 
urine secondary to some component of the inflammatory 
response in vivo. If inflammation does in fact produce 
this material, then the positive Ouchterlony results ob- 
served with the sterile urine of bladder cancer patients 
could also be explained on this basis since an inflamma- 
tory response of varying degree occurs with all bladder 
tumors. 

The relationship of the material(s) identified by 
RABCa in current studies with CEA is also unclear. Hall 
et al. studied urinary CEA levels in urogenital malig- 
nancy. Normal healthy adults had mean urinary levels of 
14 nanograms (ng)/ml with the upper limit being 35 ng/ml. 
Normal females had a mean of 47 ng/ml with an upper 
limit of 110 ng/ml. Thirty-one of 47 males with active 
transitional cell carcinoma of the bladder had definitely 
elevated levels of urinary CEA. Thirty-two of 34 men 
who had transitional cell cancer in the past but who were 
cystoscopically and cytologically free of tumor had a 
normal urinary mean level of 14 ng/ml with an upper limit 
of normal to be 35 ng/ml. Samples of healthy females 
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Fic. 6. Sephadex G-200 fractionation of pool I component from bladder 
cancer urine (obtained by Sephadex G-100 fractionation, see Fig. 5). At 
least 5 peaks are distinguished by this second fractionation. The com- 
ponents of bladder cancer urine which react with RABCa in Ouchter- 
lony gel diffusion appear to be contained in peaks A and B of pool I. 


showed a greater variation with a mean of 47 ng/ml and an 
upper limit of normal to be 110 ng/ml. Urinary CEA 
levels were not influenced by hematuria, proteinuria, 
glycosuria, and standing at room temperature (up to 3 
days). Thirty-one of 47 males with active transitional cell 
carcinoma of the bladder had definitely elevated urinary 
CEA levels. Thirty-two of 34 men who had transitional 
cell carcinoma treated in the past but who were at the 
time of investigation cystoscopically and cytologically 
free of tumor had normal urinary CEA levels. Analysis of 
results according to clinical stage showed higher CEA 
levels tended to occur in association with more advanced 
tumors, although one-third of stage T, tumors and 4 of 7 
in situ tumors had high urinary CEA levels. The degree of 
: differentiation of the tumor did not influence the urinary 
CEA level. Of interest was the fact that urine samples 
from 16 men with non-urothelial cancers were normal 
including 3 from patients with cancer of the prostate and 
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Fic. 7. Micro-complement fixation (CF) assay. RABCa was reacted 
with either unfractionated (—9—) or G-100 fractionated pool I (—e—) 
bladder cancer urines. Note that pool I clearly has increased 
complement-fixing reactivity with RABCa over unfractionated urine. 


4 with renal cell carcinoma. Urines from 6 to 7 men with 
benign urogenital disorders were normal, but 5 of 5 urines 
from men with symptomatic urinary tract infection were 
positive. Since the presence of bacteria per se did not 
influence the urinary CEA levels, the authors felt that 
elevated CEA in urinary tract infections was secondary 
to inflammation associated with infection. As with our 
studies with RABCa, these authors concluded that the 
occurrence of elevated CEA levels in men with transi- 
tional cell carcinoma of the bladder compared with other 
groups (except urinary tract infection) was highly sig- 
nificant. Nine of 13 women with proven bladder car- 
cinoma had elevated CEA levels. Analysis of results ac- 
cording to clinical stage showed that higher CEA levels 
tended to occur in association with more invasive 
tumors, although one-third of T, tumors and 4 of 7 in situ 
tumors had high urinary CEA levels. The degree of dif- 
ferentiation of the tumor did not influence the urinary 
CEA level. Urine samples of 16 men with non-urothelial 
cancers had normal CEA levels, including 3 patients with 
prostate cancer and renal cell cancer. In contrast to the 
studies above with RABCa, urine CEA levels were nor- 
mal in 6 of 7 men with benign urogenital disease. Five of 5 
symptomatically infected urines were positive for high 
CEA levels. The presence of bacteria per se did not 
influence urinary CEA levels, suggesting that elevated 
levels in urinary infection was secondary to inflamma- 
tion. As with the above studies with RABCa, these au- 
thors concluded that elevated urine CEA levels in men 
with transitional cell bladder cancer compared with other 
groups (except urinary infection) was highly significant. 
Similarly, 9 of 13 women with bladder cancer had ele- 
vated urinary CEA levels; 4 of 9 had T, tumors only. As 
expected, 3 of 4 women with cystitis had elevated CEA 
levels. Only 31 of 73 proven bladder tumor patients had 
elevated plasma CEA levels; plasma and urine levels in 
the same patient did not show any consistent correlation. 
Apparently, CEA in urine of patients with urothelial 
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tumors was a product of urothelium and not from plasma 
filtration. Determination of urine CEA levels could detect 
66 per cent of bladder tumors but measurement of plasma 
CEA levels would detect few with certainty. 

Unfortunately, the studies with RABCa do not exclude 
a contribution of urinary CEA or CEA-like material in the 
positive Ouchterlony assay. Only 10 nanograms/ml CEA 
concentration was reacted with the unabsorbed CEA. 
Failure to obtain a positive reaction with CEA against 
RABCa in Ouchterlony gel diffusion may have been due 
to the low concentration of CEA used, i.e. since normal 
urinary CEA levels are 15-45 ng/ml. Nevertheless, it is 
doubtful that the positive reactions achieved with 
RABCa in CF and Ouchterlony assays in our studies are 
due to detection of CEA, since a significant number of 
positive reactions were achieved in benign urological dis- 
ease in our studies. Also, it is doubtful that the same 
accuracy (approximately 67% for urothelial cancers) 
would be achieved with these less sensitive assays as 
compared with the sensitive radioimmune assays used to 
detect CEA. Nery et al.? have demonstrated that a large 
variety of carcinoembryonic antigen-like substances 
occur in the urine of patients with bladder cancer and of 
healthy males in a wide range of molecular sizes. Al- 
though some of these substances are glycoproteins which 
give reactions of antigenic identity with CEA isolated 
from colorectal carcinoma and occur in aggregation with 
proteins showing antigenic specificities of albumin, hap- 
toglobin, and the heavy chains of immune globulins G, A, 
and M. It is possible that RABCa may detect a globulin- 
like molecule of the latter variety which is released in the 
urine in association with the inflammatory response to 
infection or tumor. 

Crude RABCa prepared against bladder carcinoma an- 
tigenic extracts detects a high percentage of urothelial 
tumors and fails to give a positive reaction with normal 
urine. The high percentage of positive reactions in sig- 
nificant urinary infections, although false-positive reac- 
tions relative to malignancy, represent a useful side be- 
nefit from the point of view of detection of clinical dis- 
ease. Furthermore, it is likely that preparation of antisera 
against fractions isolated from bladder cancer urine may 
produce sera with more specificity relative to neoplasms. 
It is highly likely that sera of this type may be useful for 
screening urines for malignancy and/or infection. 


DISCUSSION 


Dn. RicHARD E. WILSON (Boston): It's clear that the infectious prob- 
lem is there and I wonder if he Dr. Monaco made any attempts to absorb 
his material against bacterial antigens or viral antigens in an attempt to 
increase the specificity? 


Dr. ANTHONY P. MONACO (Closing discussion): I did not have time to 
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present the studies with bacteria, but in brief if one takes a normal urine 
which fails to give a positive assay against complement fixation or 
ouchterlony and adds various strains of that bacteria and lets them 
incubate for 24 hours, you do not add a positive test to the normal urine. 

Our studies with absorption preceded this and absorbing with bac- 
teria failed also to remove the cross reaction. Apparently the ideal 
absorption would be to absorb with urine of infected patients but not 
with bacteria. We haven't done that. 


Cancer of the Breast: 


Its Outcome as Measured by the Rate of Dying and Causes of Death 


C. BARBER MUELLER, M.D., WENDY JEFFRIES, B.A. 


Mortality forces in women with cancer of the breast were mea- 
sured by calculating the rate of dying and determining the cause 
of death in women who develop breast cancer. In the Syracuse- 
Upstate Medical Center Cancer Registry, 1,513 patients were 
followed for 15 years. The death curve of this group assumed a 
major slope characteristic of a single exponential curve, with a 
half life of 5.9 years. The cause of death was examined in a 
randomly selected group of patients from the Ontario Cancer 
Foundation, Hamilton, Ontario, and a group from the Syracuse 
Registry dying after 10 years. In these 136 patients, 130 died of 
breast cancer. From the National Cancer Institute Cooperative 
Studies of 3,225 women undergoing treatment for primary breast 
cancer, 914 died during the study—705 of cancer of the breast 
and 209 of competing risks. These data suggest that 80-85% of all 
women who die after developing cancer of the breast die of their 
breast cancer. Modification of the time of dying (rate of dying) or 
cause of death should be used as objectives of management rather 
than 5-year survival figures. 


Wi 90,000 newly diagnosed cases annually, car- 

cinoma of the breast is the single largest cause of 
death from cancer among women in the United States 
and Canada. Halstead’s initial use of radical mastec- 
tomy as the preferred treatment for breast Cancer em- 
phasized management of the local tumor.” Subsequently, 
the concept has emerged that adequate management of 
the local tumor could possibly result in a ‘‘cure’’ or 
otherwise favorably influence the ultimate outcome of 
patients who have a predicted certainty of death due to 
the cancer.' Despite all therapeutic efforts, this disease's 
death rate has remained fairly constant over the past 
several decades. However, reported 5-year survival 
rates during the past 50 years have gradually improved 
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because of earlier case selection, revised staging, or more 
aggressive therapy.! 

In this report, three data sources describe two out- 
comes of patients with cancer of the breast: 1) The rates 
of dying in an unselected group of women with carcinoma 
of the breast are calculated from information generated 
from the Upstate Medical Center (Syracuse) Cancer Reg- 
istry; 2) The causes of death of individuals who develop 
breast cancer are examined using data from the Syracuse 
Cancer Registry, the Ontario Cancer Foundation Clinic 
in Hamilton, and the National Cancer Institute Studies 
(known as Breast I, Breast II). 

This study attempts to answer the following questions: 
1) What is the RATE OF DYING in a group of women 
who develop cancer of the breast? 2) Does this rate 
change with time? 3) What are the CAUSES OF DEATH 
of those women who have died following the develop- 
ment of cancer of the breast? 4) Is death caused by 
competing risks a significant factor? 

The use of fixed-time survivorship generally deals with 
survivors. This report deals only with those who have 
died. Therapy is discarded here as an effective modifier 
of either the rate of dying or the cause of death, and we 
assume that therapeutic modalities employed in the vari- 
ous groups studied herein are reasonable samples of the 
surgical and radiologic efforts generally available in the 
United States and Canada. Therapy is thus considered an 
integral part of the disease course. We do not attempt to 
answer any of the questions regarding efficacy of one 
procedure vis-a-vis another, nor do we discuss whether 
therapy has any effect on either the rate of dying or cause 
of death. 
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Materials 


Data used as the basis for this report are derived from 
the following sources and for the following purposes: 

1) The Upstate Medical Center Cancer Registry, Syra- 
cuse, N.Y. (a) To analyze the rate of dying by the life 
table (actuarial) method—1,513 cases. (b) To examine 
registry records of the causes of death of all women dying 
between the 10th and 15th year after diagnosis. 2) The 
Hamilton Tumour Registry, Hamilton, Ontario. (a) To 
examine the causes of death in a random sample of 51 
women who died between 1 and 2 years after the diag- 
nosis of breast cancer. (b) To examine the causes of death 
in a random sample of 41 women who died between 4 and 
5 years after the diagnosis of breast cancer. (c) To com- 
pare the two groups at time of diagnosis. 3) The National 
Cancer Institute Cooperative Studies—Breast I, II. (a) To 
examine the cause of death of 914 women who died 
following enrollment in a cooperative study of the treat- 
ment of ‘‘curable’’ breast cancer according to studies 
known as Breast I and Breast II. (b) To compare the 
causes of death of those 914 women when divided into 3 
age groups at time of diagnosis—Breast I and II. (c) To 
determine if competing risks have a continuous operative 
influence during 90 months following diagnosis— Breast I. 


Description of Data Sources 
The Syracuse Cancer Registry 


Basic information was obtained from the 1967 Annual 
Report of the Upstate Medical Center Cancer Registry 
(Syracuse, N.Y.)." Additional data acquired during 1973 
as a supplement to the 1967 report provide information 
about the rates of dying in a group at risk for 15 years. 
The Upstate Medical Center Cancer Registry accesses all 
cases of carcinoma of the breast identified within the 
Syracuse catchment area, and patients are automatically 
registered from all hospitals and pathology laboratories 
as well as the Bureau of Cancer Control, New York State 
Department of Health. Admission to the registry occurs 
upon diagnosis of cancer of the breast, and physicians 
responsible for these patients are contacted yearly re- 
garding each patient's progress and annual status. Rec- 
ords are updated by information generated from the an- 
nual contact and a 99.796 completed followup is reported. 
Upon death of any registrant, the date and cause of death 
are entered in the file. The annual contact reports each 
registrant as follows: | 

1. Alive 

2. Alive with disease 

1-2. Status unknown 
Lost to followup 
Deceased with disease 
Deceased—other cause of death 
Deceased—cause of death unknown. 
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Fic. 1. A curve computed by life table analysis showing survivors in an 
unselected group of 1,513 women who develop carcinoma of the breast. 


Considerable effort is made to determine the cause of 
death. and the doctor who signs the death certificate is 
contacted for precise information. When the cause of 
death is difficult to determine and the patient has had 
recent trouble related to her carcinoma, the cause of 
death is considered to be breast cancer.” 


Ontario Cancer Treatment Research Foundation 


The Ontario Cancer Treatment and Research Founda- 
tion in Hamilton maintains a registry for patients referred 
for treatment of breast cancer. This registry does not 
collect every patient in the Hamilton catchment area and 
is. therefore, less complete than the Syracuse Registry. 
Examination of the Hamilton data was carried out with a 
random sample of 51 women who died between 12 and 24 
months. and 41 women who died between 48 and 60 
months, following diagnosis. Registry records, doctors 
office records, hospital records and pathology reports 
were reviewed to determine the status at time of diag- 
nosis as well as the cause of death. 


National Cancer Institute, Breast I-II Studies 


In 1957 a collaborative study sponsored by the Na- 
tional Cancer Institute was initiated to determine whether 
improvement in the survival rate of cancer of the breast 
could be achieved with the use of adjuvant chemotherapy 
at the time of mastectomy. The studies concluded that 
although time of first recurrence and postop morbidity 
were influenced to a measurable degree, the ultimate time 
of death was not altered and the fixed period survival was 
not significantly different between the two groups. Ad- 
mission to this study was controlled by a protocol de- 
signed to identify curable cases and automatically 
excluded all women whose breast carcinomas had ex- 
tended to a point which precluded à curative effort 
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FiG. 2. A semi-log plot of the information presented in Fig. | showing 
that from the 3rd to the 15th year there is a steady rate of decay in the 
group of women with carcinoma of the breast. 


through the surgical procedure and adjuvant 
chemotherapy. Thus, an unknown number of "'incura- 
bles" was excluded, leaving only the most favorable 
cases in the study. Records were maintained of the 
causes of death of those women who died during the 
years of these two studies. Three age categories were 
used and deaths were classified as due to cancer or to 
competing risks. These studies which deal only with pa- 
tients considered to have curable carcinoma of the breast 
are in some contrast to the lists of registrants obtained 
from Syracuse and Hamilton, which were not SO re- 
stricted. 

A general outline of the N.C.I. study is presented in 
Fig. 4, and shows the universal set of women (U) with a 
subset who develop carcinoma of the breast. A portion of 
the subset, 3,225 women, was then subjected to exci- 
sional surgery and adjuvant chemotherapy according to 
protocol. Admission to the study continued until a few 
months before the study was terminated, so that all 
women in the study were not at risk for the same period 
of time. 


Results 
A. The Rate of Dying 


With the use of the annual information from the Syra- 
cuse Registry, a 15-year (actuarial) life table analysis of 
1,513 patients was developed (Fig. 1). The date of acces- 
sion is the time of diagnosis and the annual contact de- 
termines status in each subsequent year. The number of 
patients available as the study approaches the 15th year 
falls below 100. Confidence limits of the curve at the .95 
level are presented.’ 

e When presented on a semi-log plot, the death curve 
demonstrated in Fig. | suggests a single exponential func- 
tion (Fig. 2) with the exception of a small component who 
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TABLE 1. A Comparison of the Characteristics at 
Time of Diagnosis of Two Groups of Women Who a 
Died 1-2 Years and 4-5 Years Following Diagnosis 

of Carcinoma of the Breast. 


=_e 
Death After Diagnosis 


At Diagnosis l-2 Years 4-5 Years 
ee UUU 
Average Age 59 49 
% Under 60 45% 80% 
Nodes Involved at 

Time of Diagnosis 68% 37% 
Average Size of Tumor »2 cm <2 cm 
Clinical Stage I] 50% ] 

50% II 

Carcinoma as 

Cause of Death 48/5] 39/41 


———————————ÀÀÀ 


died at a more rapid rate in the initial three-year 
period.'*”° If the method of least squares with data from 
the 3rd to 10th years is used, the bulk (88%) of this group 
demonstrates a half-life (50% mortality rate—T/2) of 5.9 
years. A small portion (1296) appears to constitute a 
group which dies with a T/2 of .84 years.!? 


B. The Cause of Death 


Examination of the cause of death was initially carried 
out to determine whether the rapidly-dying group could 
be distinguished from the slower-dying group at the time 
of diagnosis. Subsequently, the study was concerned 
with the influence of competing risks which might be 
operative simultaneously with influences produced by 
cancer of the breast. 

Causes of Death-Hamilton Data. An examination of 
the records of these 92 women showed that only 5 died of 
causes other than breast cancer: 3 women in the 1-2 year 
group (ages at diagnosis were 71, 75 and 75), and 2 
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FiG. 3. A composite presentation of the causes of death due to breast 
cancer in 3 groups of women who died at l-2, 4-5 and 10-15 years 
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women in the 4-5 year group (ages at diagnosis were 71 
and 59) died of cardiovascular diseases (Fig. 3). 

Comparison Between the Two Groups. Those who died 
l-2 years after diagnosis were approximately 10 years 
older at the time of diagnosis than those who died later 
(4-5 year group). Twice as many patients in the group 
who died shortly after diagnosis had axillary nodal in- 
volvement. The tumor sizes were measurably larger, the 
women were mainly Stage 2, and their course from diag- 
nosis to death contained less adjuvant treatment such as 
chemotherapy or x-ray therapy. Data were not adequate 
for staging the Hamilton women, and no details emerged 
at time of diagnosis to be predictive in terms of time of 
dying (Table 1). 

Causes of Death-Syracuse Data. The Upstate Medical 
Center Cancer Registry identified 139 women who sur- 
vived at least 10 years post diagnosis. Of this group, 44 
died in the interval between the 10th and the 15th year. 
Causes of death for these 44 women were obtained from 
the information present on the registry card regarding 
patient status. Of the 44 patients dying between the 10th 
and the 15th year, 43 died with cause of death recorded as 
carcinoma of the breast (Fig. 3). 

Causes of Death-N.C.I. Data. During the course of 
the N.C.I. study, 914 women died, 705 because of car- 
cinoma of the breast and 209 because of competing risks. 
The N.C.I. report shows the age at time of diagnosis and 
the outcome in terms of cause of death, without reference 
to time of dying. When divided into three age categories, 
it is apparent that incidence of death due to cancer of the 
breast is highest in the youngest group at risk and least in 
the oldest group. In women over 70 at diagnosis, causes 
of death due to competing risks exceeded the deaths due 
to breast cancer. 

Continuous Influence of Competing Risks-N.C.I. 
Study. An analysis of the cause of death of patients dying 
during the first 90 months of the Breast I Study is pre- 
sented in Fig. 5. Of 826 women admitted to the study, 337 
died during the study period. The reported death informa- 
tion showed that approximately 8% per year died during 
the study, a figure compatible with the T/2 determined 
from the Syracuse data. In each of the observed periods, 
a small proportion died of competing risks. This fact 
suggests that the force of mortality due to competing 
risks continues to operate at a fairly steady rate through- 
out the subsequent life experience of women with breast 
cancer. 


Discussion 


Survival in groups of patients with breast cancer may 
be measured and reported by the use of several statistical 
methods. The most popular method is the 5- or 10-year 
survival in selected or staged groups of patients undergo- 
ing treatment. Staging invariably gives results which dis- 
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Fic. 4. A presentation of the Breast I-II Cooperative Studies which 
depicts that in the universal set of women (U) there is a subset who 
develop carcinoma of the breast. From this subset, 3,228 women were 
treated according to a fixed protocol while an unknown number were 
excluded from treatment. In the treated group, during the course of the 
study, 705 women died of breast cancer and 209 of competing risks. 
When divided into three age categories it is apparent that forces of 
mortality due to competing risks are greater in the older than the 
younger age group. 


regard the course or outcome of those patients excluded 
from the study by the process of staging (i.e., selection). 
Thus, the excluded group of patients, usually ill-defined 
and generally of unknown size, does not contribute to an 
overall view of end results. Outcome differences which 
may occur between supposedly comparable groups are 
generally attributed to influences of a diagnostic or 
therapeutic procedure, rather than subtle influences in- 
troduced by the timing of diagnosis, by the staging pro- 
cedure’ or by an unknown and unmeasured variability in 
the tumor-host relationship. Considerable uncertainty 
and fallibility are inherent in the process of clinical stag- 
ing, despite the development of an improved and more 
rigorous classification system (TNM).'^ 

In 1963, the American Joint Committee Task Force on 
End Results Reporting described the advantages of thé 
actuarial method (life table analysis) for the measurement 
of survivorship as a preferred alternative to the direct 
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method employed in the standard 5- or 10-year survivor 
analyses. Life table analysis requires the determination 
of the annual status of all patients at risk and permits use 
of all data, including those data on patients who may 
subsequently be lost to followup. The actuarial or life- 
table method produces a curve which describes the rate 
of demise of the population at risk and gives a dynamic 
description of the death or decay rate, rather than a static 
description of survivorships at fixed time. This method is 
contrasted to methods such as ‘‘5-year survivals’? which 
use terminal information about individuals who can be 
allocated as either ‘‘alive’’ or dead" at the end of a fixed 
time. The major disadvantage of the life table method is 
the requirement of a large study sample in order to pro- 
vide reasonable confidence limits as the analysis pro- 
ceeds and the number of individuals at risk decreases. 
The annual status *'alive," “lost” or **dead" does not 
distinguish between death due to the primary disease or 
to competing risks, yet common clinical experience rec- 
ognizes that individuals who develop cancer of the breast 
may die of diseases other than breast cancer. The causes 
of death have not been adequately reviewed in large 
series, perhaps because of difficulties in obtaining 
adequate records or because of less interest in the causes 
of death than in the time of death, with a general assump- 
tion that all deaths were due to cancer. When reviewed, 
-death certificates in Connecticut proved sufficiently reli- 
able in defining causes of death? for use in a study of 
death causes. The certificate study did suggest, however, 
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that the diagnosis of non-cancer deaths in patients with 
breast cancer was slightly over-reported and, conversely, 
death due to breast cancer was under-reported. 

In analyzing the rate of dying, the population at risk 
(i.e., the initial 1,513 in the Syracuse registry) includes 
every woman with the diagnosis of cancer of the breast 
and is not subdivided into age-related categories, types of 
lesion or method of treatment. No information is offered 
about the influence of treatment, early diagnosis, the 
effects of staging, the histologic character of the lesion, 
the extent of spread or the influence of age. The death 
curve represents the resultant of all mortality forces 
operating in this otherwise unselected population. The 
points on the curve following the 12-year period are gen- 
erated by numbers too small to permit the conclusion that 
there has been a change in rate following the 12th year. 
This portion of the curve is similar to that presented in a 
Christie Hospital and Holt Radium Institute Report, and 
studies to the 20th year are required to clarify this point. 

Fig. 2 shows that the death curve appears to break into 
two rates at the third year, with a small initial group dying 
at a more rapid rate than the main group. Data referenced 
to other carcinomas, when presented in large enough 
groups to permit a similar analysis, suggest that other 
carcinomas studied seem to have a comparable, two-part 
death curve.!?:19 

The data presented here suggest that any woman who 
develops cancer of the breast has a high likelihood (prob- 
ably 80-85%) of dying of her breast cancer. This likeli- 
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hood is higher in women who are younger at the time of 
diagnosis, whereas the competing causes of mortality are 
more apparent in the group in which the disease occurs at 
an older age. The forces of mortality due to cancer of the 
breast seem to be operative over a long period of time (at 
least 15 years). The percentage of women dying of their 
breast cancer seems to be a fixed proportion of those at 
risk in any year, unchanged throughout at least 15 years, 
except for the small group with early rapid mortality 
during the first 2 to 3 years after diagnosis. The women 
over 70 years of age experienced a higher proportion of 
death due to competing risks (79/52), presumably because 
the required exposure to their carcinoma was of insuffi- 
cient duration and the mortality forces due to competing 
risks had increased sufficiently to overtake the shorter 
exposure to mortality forces of the carcinoma. Zumoff 
reports that the T/2 for competing risks doubles every 8.5 
years, describing a downward exponential curve?! 
Therefore, competing risks ultimately achieve a rate 
equal to, or greater than, the T/2 which characterizes 
breast carcinoma. It has been customary to attribute a 
positive effect to any therapeutic modality used in cancer 
management when death curves due to the cancer ap- 
proach the natural death curve of normal life expectan- 
cy.? This explanation is now open to reinterpretation, at 
least at that time when the competing risk rate exceeds 
the rate characteristic of cancer of the breast, as in the 
older-age group. 

Since death for an overwhelming number of individuals 
was attributed to cancer of the breast, it appears that 
treatment may have little or nothing to do with the cause 
of death. No data are presented which answer whether a 
therapeutic influence may affect the rate of dying and 
justify the use of ''delay of death’’ as an appropriate end 
point. All who treat patients with breast cancer have 
recognized clinical settings in which surgical, radiologic 
or chemotherapeutic procedures have evoked a feeling of 
wellbeing and a seeming delay in the initially anticipated 
time of death. Patients in whom this occurs appear to be 
relatively few in number, and perhaps their influence 
within the total group of breast cancer patients is so small 
that it is immeasureable. 


Conclusions 


The group of women with carcinoma of the breast have 
a measurable rate of dying: a) When the annual mortality 
is computed within the group at risk, the likelihood of 
dying is no different in the 15th year than in the 3rd year 
after diagnosis; b) The rate of dying is approximately 8% 
per year in the group at risk (T/2 — 6 years). 

Of the women who die following a diagnosis of cancer 
of the breast, 80-85% do so because of their breast car- 
cinoma. 

The force of mortality due to competing risks a) oper- 
ates continuously; b) increases with advancing age. 
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Fixed-time survivorship is a function of the four vari- 
ables: 1) time of diagnosis; 2) stage of disease; 3) host- 
tumor relationship; 4) method of treatment; a) It cannot 
adequately express the force of mortality for at least 15 
years after diagnosis; b) It cannot be related to a single 
variable without control of the other three. 

Breast cancer treatment should: a) Treat the cancer 
only when and where it is known to exist; b) Not be 
proposed as a means of influencing either time of death or 
cause of death. 

Measurements of quality of life should be established 
and should constitute the only realistic objectives of 
treatment. 
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DISCUSSION 


Dr. CLAUDE E. WELCH (Boston): First, let me compliment Dr. Muel- 
ler upon his excellent study on cancrology, one of the first presented 
before this society. 

I might say parenthetically of his last conclusion if it could be ac- 
cepted it would remove many malpractice problems that are before the 
community, if we could say cancer of the breast has this fixed schedule 
of life and death, not influenced by treatment. 

However, I believe that we have another point of view that should be 
presented. (Slide) This slide might be characterized as being the most 
ancient and venerable slide ever presented before this Association. It 
was made 40 years ago and has been shown only once before to any 
audience. 

This represents a study made in 1937 by the late Dr. Ira Nathanson 
and myself on the life expectancy of cancer of the breast. This was done 
here with two curves. You can see that the lower curve here in the 
dotted line represented a hundred untreated cases of cancer of the 
breast, almost impossible to find these days. This was an extension of 
early work done by Dr. Ernest Deland. 

The second curve, the solid line, represents the treatment of ail 
patients who were seen in the Pontville and the Huntington Hospitals, 
the outstanding cancer hospitals of our community at that time. 

You will note on this slide that the advantage of the treatment as seen 
there in 1937, almost 40 years ago, could be measured by the little space 
between those two lines. 

You will also note that in Dr. Mueller's figures, that the half-life 50% 
death rate, decay rate, was 5.9 years. In other words, his curve would 
be at the 50% level way over here. 

Now, I would submit to you that there is a definite difference then 
between what happened 40 vears ago and what is happening now. I fully 
believe that we are erecting those little crosses a little less rapidly than 
indicated by the first picture. 


Dr. Francis D. Moore (Boston): This is not a disease about which 
it's easy for someone to say something new and to think about it in a 
new way. Dr. Mueller is to be congratulated by looking at this with the 
kind of mathematical construct which permits new analyses. 

He points out that 80-85% of women who die after getting this disease 
will die of the disease. Our data would certainly support that. 

The slopes of the curve are indeed a single exponential. They are a 
straight line plotted on semi-log paper and that is something that always 
brings great joy to the heart of the statistician. Big changes in the slope 
can be made. 

For example, in the treatment of the late disease, we found that the 
slopes were rather different and the half-times were very different 
according to the treatment. 

We could change the half-times from 0.6 years to 3.0 years if the 
patient were a responder to the combination of oophorectomy, ad- 
renalectomy and 5-FU, so that we were changing slopes in a way that 
was significant. 

The quality of life is very important. It is evaluable by the patient (or 
her family if she has died) and it can certainly be graded by various 
methods. In our little study, we found a correlation between the half- 
time of the slope and the quality of life which was in a sense surprising 
until you stop to think that the quality of life has the dimension of time 


s, in it. 


If a person feels well for one day, that's good quality of life, but if he 
feels like that for two years it's about 720 times as good a quality of life. 
So on the basis of this type of statistical analysis, using the single 
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exponential method, the half-time data exactly as Dr. Mueller did, we 
found that death delay was both possible and justified. 

The trouble was that the delay was really much too short. Many years 
hence we will look back on this paper as being a tribute to our general 
ignorance in the field of neoplasia. 


DR. BENJAMIN F. Rusu, JR. (Newark, New Jersey): One can always 
rely on Dr. Mueller to bring before us exciting, stimulating and contro- 
versial new data and he certainly has done that this morning. I'd like to 
reflect a little on some of the questions he has raised. 

First of all, the log normal plot is a new tool in the way we look at 
cancer of the breast or. for that matter, survival and end results in a 
number of other cancers. 

If you apply it to untreated patients, then the half-life of that group is 
about 2.6 or 2.7 years, quite different from the half-life of the total 
group, containing I presume both treated and untreated patients, that 
Dr. Mueller presented to us. 

So that would be our first question, how does one reconcile this 
difference? 

Secondly, one of our major problems with all cancer data is that we 
are constantly looking back to examine what we have done rather than 
what we are currently doing. 

With the enormous thrust currently in progress throughout the coun- 
try to treat so-called minimal cancer, some of the very early data from 
that group is coming out. As you are aware, Urban. for instance, has 
reported that for lesions measuring 3-15 mm, he has had no deaths at 
five years in this selected group and at ten years only one death in 44 
patients and no local recurrences. The age for that group is about the 
same as the average age for other patients being treated for cancer of the 
breast. 


So, if the time of treatment alone is operative how do we explain this 
observation? 

I would hope that what Dr. Mueller has brought us is the bad news 
from the past and that we can look forward to better news from the 
future. 


Dr. JONATHAN E. RHOADS (Philadelphia): The data which we have 
been shown seems to me to have an important corollary which has been 
referred to at various times in the past, but perhaps not adequately 
stressed. The surgical approach to cancer is to operate early enough to 
eradicate it and where metastasis has occurred in breast carcinoma— 
distant metastasis—the case is declared non-operable. 

The data showing that the death rate in the second five years is 
essentially the same as it is in the first five years. It would seem to belie 
the idea that one very often gets around the whole cancer and gets it all 
out. 

If one goes back in his thinking to the study that Warren Cole and 
several others did on cells circulating in the bloodstream, one also 
wonders whether cancers haven't disseminated. Perhaps they haven't 
taken root anywhere else but that there have been showers of cancer 
cells through the body long before the tumor really becomes palpable. 

It's true most of the time that when you get, say, a tumor of a 
centimeter which is perhaps as small as you frequently feel them, why, 
you already have had so many multiplications of a cell—perhaps 50 
times—that it's not biologically a small tumor, then what are we doing? 
I tend to accept Dr. Welch’s view that we are doing some good. 

I know it's possible to deposit, that you're simply moving the time 
before diagnosis to the time after diagnosis, but I find that hard to 
accept as a total explanation for the difference in the lines that he 
showed. 
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J wonder then if what we are doing isn't really to remove enough of 
the tumor so that it increases the individual's chance of resistance and 
in this way, adds a period to her life. | would be interested in Dr. 
Mueller's reaction to this apparent corollary of his observations. 


Dg. C. BARBER MUELLER (Closing discussion): Dr. Welch, those two 
curves which you presented have two problems which 1 can see in 
looking at them. The first is to make sure that they are identical groups 
and the second is the comparison of 100 cases against 1500 cases, which 
requires some tough statistical manipulations. The fact that the treated 
group has done steadily better is impossible to say at this time. since the 
treatment of 40 years ago was not much different than it is today. All 
you may have shown is that you've done a little early diagnosis or better 
staging in the treated group rather than different treatment. 

We all know that some tumors seem to grow rapidly, following which 
we estimate a short initial time from onset until appearance, following 
which the appearance time to death time is short, while other tumors 
seem to have a starting time to appearance time to death time which is a 
long time. It is this latter group that seems to do better with adrenalec- 
tomy, oophorectomy. and so on. So I think the problems of selection 
and staging enter into every treated group and these are almost impossi- 
ble to control because, in order to do so, the numbers must be so large. 

Dr. Moore. the half-life changes which you described I think are the 
only ways one is able to truly assess effects of treatment. 














CANCER OF THE BREAST 














34] 
The concept of delay of death is a useful concept, I think, in terms of 

any management objective and the idea that we ever cure anybody is 

probably not so, and ought to be eliminated from our vocabulary. 

Dr. Rush, as to taking a retrospective look, I am a little surprised how 
difficult it is to look retrospectively even on something as dear to the 
heart of surgeons as cancer surgery. 

The use of tumor registries and the ability to truly register, know, and 
follow the registered individuals is a post World War H phenomenon. 
Much money has been put into these registries and they re very expen- 
sive. I know that the Syracuse Registry must have used up more than a 
$114 million in the almost 20 years it has been alive. It now has a good 
body of material in it and is able to give us a retrospective look. 

Prospective problems are horrendous since we all have motional 
hangups about what we would like to do and how we want to treat 
patients. The ability to get any hundred surgeons to do exactly the same 
thing. as do the basic scientists in the laboratory, is almost unethical and 
immoral, if not extremely impractical and impossible. 

Dr. Rhoads, I don’t know about those circulating cells. I'm fascinated 
by them. I think the disease of cancer must be a systemic disease. We 
usually see only the first local manifestation and we then treat the loca! 
tumor. Therefore my recommendation is that you only treat that cancer 
wherever you find it, whether it’s in the breast, the axilla, or the lung. 
Please don't go hunting for it if you don't know it is there and subject 
the patient to treatment for something you don't know they have. 















































































































































The Prediction of Hormonal Dependency of Mammary Cancer 


GEORC 


The estrogen receptor protein (estrophilin) was determined in 
specimens from 359 primary breast cancers and from metastatic 
tumors of 214 patients. Ninety-eight patients were eventually 
treated by some form of endocrine therapy: 82 patients were 
treated by ablative therapy, and 16 by hormonal additive treat- 
ment. The records of 81 of the 98 patients whose tumors were 
characterized for estrogen receptor content and who had received 
some type of endocrine therapy were reviewed by a peer review 
group that assessed the objective data for these patients regarding 
objective remission or failure to treatment. A positive estrophilin 
determination was defined as receptor content greater than 250 
fmole per gram of tumor for premenopausal females and greater 
than 750 fmole per gram of tumor for postmenopausal and previ- 
ously castrated patients. Estrogen receptor determinations may 
be made from tumor specimens as small as 200 mg. Sixty-nine 
patients underwent some form of ablative therapy. Twenty-seven 
of these patients were found to have significant receptor determi- 
nations. Of those patients in whom a definite determination was 
made of their post-treatment response, roughly two-thirds experi- 
enced objective remissions. None of the 42 patients with negative 
estrogen receptor determination experienced an objective remis- 
sion to ablative endocrine therapy. Only one of 6 patients with 
negative determinations benefited from additive hormonal 
therapy; 4 of 6 patients with positive determinations benefited 
from additive therapy. Not all women with receptor containing 
mammary cancer will respond favorably to endocrine therapy, 
but those patients whose tumors lack a critical amount of es- 
trophilin have little chance of benefit from either endocrine abla- 
tion or hormone administration. The estrogen receptor content of 
the primary tumor indicates the hormonal dependency of the 
tumor and may be used to predict the response to endocrine 
treatment when recurrent disease appears. 
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To A RELATIONSHIP EXISTS between human mam- 
mary cancer and the endocrine glands has been 
known for over a century. As long ago as 1836, Sir Astley 
Cooper observed that there was a correlation between 
tumor growth and the menstrual cycle.? In 1896, Sir 
George Beatson reported that metastatic lesions of 
mammary cancer regressed for a period of time after 
bilateral oophorectomy.! The modern era of endocrine 
therapy for mammary cancer began in 1951 when Hug- 
gins showed that certain cancers of the breast would 
undergo remission following the removal of the ovaries 
and the adrenal glands.” He postulated that the tumor 
regression was obtained by the elimination of the pa- 
tient’s estrogen production. Huggins’ demonstration of 
tumor regression after adrenalectomy conclusively proved 
that mammary cancers are not necessarily autono- 
mous and are under partial control of the endocrine glands. 
Unfortunately, less than one half of the premenopausal 
patients and even a smaller fraction of post-menopausal 
patients have tumors that respond to endocrine ablation. 
A method of predicting a priori which cancers are re- 
sponsive would greatly enhance the usefulness of abla- 
tive therapy by restricting its application to those patients 
for whom there is a reasonable chance for success. 
Until recently, the prediction of breast cancer response 
to hormonal manipulation has been primarily based on 
clinical associations: cel] type of the tumor, disease free 
interval, previous response to castration, etc.® These clin- 
ical characteristics have proven to be unreliable in pre- 
dicting the hormonal dependency of an individual pa- 
tient's breast tumor. Measurements of endogenous estro- 
gen production by the host and the response of the tumor 
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to stimulating doses of exogenous hormone have also met 
with only limited and occasional success as predictors .®!? 

Dao and Libby investigated the ability of breast cancer 
tissues to form steroid sulfate esters and reported a lack 
of response to adrenalectomy in 13 patients whose 
tumors possessed no sulfotransferase activity? Leung 
and co-workers, however, found no correlation of these 
SS values with clinical response to endocrine ablation." 

In the past few years it has been shown that the level of 
estrogen receptor protein (estrophilin) in a mammary 
cancer provides a useful indication of the hormone de- 
pendency of that tumor. Shortly after it was found that in 
experimental animals the hormone dependent tissues of 
the female reproductive tract showed a characteristic 
ability to accumulate and retain estrogenic hormones in 
vivo," Folca, Glascock and Irvine injected tritiated 
hexestrol into breast cancer patients who were about to 
undergo adrenalectomy.* They observed that the uptake 
of radioactive hormone by the tumor was increased in 
those patients who experienced eventual remission from 
adrenalectomy. After studies in our laboratory? and 
elsewhere demonstrated that estrogenic hormones show 
the same characteristic interaction with estrogen binding 
receptors in excised specimens of hormone dependent 
tissues and tumors that they do in vitro, we began an 
investigation of the estrogen receptor content of speci- 
mens of tumors from patients with metastatic and recur- 
rent mammary cancer for correlation with their response 
to endocrine manipulation. Primary tumors were also 
characterized to provide information for future clinical 
use if and when tumor recurred. As indicated in our 
original report? and subsequently confirmed by studies in 
several laboratories, the absence of significant amounts 
of estrophilin in the breast cancer is a good indication that 
the patient has little chance of responding to endocrine 
therapy. 

This paper describes the current status of our studies of 
estrophilin in human breast cancers and its correlation 
with endocrine responsiveness, the significance of quan- 
titative receptor levels, the consistency of the receptor 
pattern with time, and the possible use of the estrophilin 
assay on the primary tumor at the time of mastectomy to 
predict the response to endocrine therapy in the future. 


Estrogen Receptors 


Certain mammalian tissues associated with the repro- 
ductive process cannot grow and function normally with- 
out minute amounts of steroidal substances known as sex 
hormones. Although the actual basis of this hormonal 
dependency remains obscure, an important difference 
between dependent and nondependent tissues is demon- 
strated by the fate of tritiated estrogens in various tissues 
of hormone deprived animals. The ‘‘target’’ tissues such 
as uterus, vagina and anterior pituitary possess a striking 
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Fic. 1. Estrogen uptake in vitro by hormone dependent mammary 
tumor of rat. Normal uptake (X 
compound nafoxidine (O- - - - - - - O). 





affinity for estradiol indicating that they contain a specific 
binding component now known as estrogen receptor or 
estrophilin. The specific incorporation of estrogens into 
hormone dependent tissues may be blocked by an- 
tiuterotrophic compounds such as ethamoxytriphetol 
(MER-25), nafoxidine (Upjohn 11,000), Parke-Davis 
CI-628 and clomiphene— substances that do not affect the 
low level of estradiol incorporation into nontarget tissues 
such as skeletal muscle. Thus, the uptake of estradiol in 
an in vitro system and the blocking effect of specific 
inhibitors provide a simple means of distinguishing be- 
tween estrogen responsive tissues which contain receptor 
proteins and non-estrogen responsive tissues which do 
not contain these receptors. 

One of us (EVJ) has shown that the interaction of 
estradiol with target tissues takes place by a two-step 
process. Estradiol first combines with an extranuclear 
"uptake receptor" to form a protein complex with the. 
ability to migrate into the cell nucleus. In hormone de- 
pendent mammalian tissues, such a protein, synthesized 
in the ribosomes, appears to require activation by the 
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estrogenic hormone to reach its site of action in the 
nucleus." In any case, a principal role of the estrogen is 
to associate with the extranuclear receptor protein and to 
render this protein susceptible to temperature dependent 
transformation and ultimate migration into the nucleus of 
the cell. 

Although the uptake of estradiol by normal, non- 
neoplastic mammary tissue is low (probably because of 
the large content of fat as opposed to glandular tissue per 
unit of weight), careful investigations by biochemical and 
autoradiographic techniques have shown that specific es- 
tradiol binding, similar to that in the uterus and vagina, 
occurs.'* On exposure to dilute solutions of tritiated es- 
tradiol, in vitro samples of a hormone dependent rat 
mammary tumor, which is biologically similar to human 
mammary cancer, show a marked uptake of the radioac- 
tive hormone. Further, this uptake is markedly reduced 
in the presence of binding inhibitors such as nafoxidine. 
As illustrated in Fig. 1, those experimental tumors which 
do not regress after ovariectomy can readily be distin- 
guished from the ‘‘hormone dependent” tumors both by 
the magnitude of the estradiol uptake and by the degree 
of sensitivity to the inhibitor. 


Estrogen Receptors in Human Mammary Cancer 


When specimens from primary human mammary 
cancer are examined by the uptake inhibition procedure, 
they fall into two categories: 1) those showing a low 
uptake not depressed by the presence of nafoxidine or 
Parke-Davis CI-628 (negative pattern, see Fig. 2); and 2) 
those exhibiting a significant incorporation which is re- 
duced by the inhibitor (positive pattern, see Fig. 3). In 

. most instances a clear-cut negative-positive distinction 
may be made. Metastatic tumors present similar negative 
and positive patterns. Usually, metastatic tumors tend to 
have a higher total incorporation of estradiol than the 
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FiG. 2. Negative estrogen 
uptake pattern of non- 
hormone dependent breast 
cancer specimen. There is 
no depression of estrogen . 
uptake by antiuterotrophic 
compounds (O- - ----- QO). 


primary tumor. This may be accounted for by the fact 
that primary tumors usually contain adipose tissue which 
has little affinity for the steroid hormone. 

In our laboratory, 41 specimens from histologically 
benign breast masses were examined for estrogen recep- 
tor content. Of these, only one exhibited significant es- 
tradiol binding. 
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Fic. 3. Positive estrogen uptake pattern of hormone dependent breast 
cancer specimen. Uptake of radioactive estradiol by tumor (X 
is depressed by additions of antiuterotrophic compounds (O------- O) 
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Methods and Material 
Measurement of Estrogen Receptor 


Tumor specimens were obtained as soon as possible 
after excision (usually 15-30 minutes) in an unfixed state 
and dissected free of necrotic, adipose or other extrane- 
ous material. Portions of the specimen to be studied were 
retained for histologic review by a pathologist to confirm 


. the presence of malignant neoplasm. In the earlier exper- 


= 





iments, the estrogen affinity of human breast cancer 
specimens was determined by measuring the amount of 
radioactivity incorporated into 0.5 mm slices of tumor 
tissue upon incubation at 37 C for various time periods in 
dilute (0.1 nM) solutions of tritiated estradiol in Krebs- 
Ringer-Henseleit buffer in the presence and absence of an 
inhibitor. The content of tritiated hormones was deter- 
mined by combustion to yield tritiated water which was 
then counted in a liquid scintillation spectrometer. This 
method has been reported in detail by Jensen et al.? 

Although the slice uptake technique has the advantage 
that any endogenous estrogen bound to receptors under- 
goes exchange with radioactive estradiol, it has the limi- 
tations of relative insensitivity, requirement of a rather 
large tumor sample (greater than 0.5 gm), inapplicability 
to frozen tissue and lack of quantitative expression. 
When it was recognized by Jensen," Gorski'? and their 
co-workers that the estrogen receptor complex bound in 
the nuclei of target cells is derived from an extranuclear 
complex which can be formed simply by adding tritiated 
estradiol to the supernatant of cytosol fraction of a tissue 
homogenate, tumors were then assayed by subjecting a 
mixture of tumor cytosol and tritiated estradiol to ul- 
tracentrifugation in a sucrose gradient using the slice 
uptake technique as a confirmatory test when sufficient 
tissue was available. Good agreement was observed in 
the results of the two methods. 

At the present time, this latter method of tumor charac- 
terization as described by Jensen et al. is used in our 
laboratory.’ The method is applicable to small (200 mg) 
samples of either fresh or frozen tumor. In some in- 
stances, tumor specimens yield specific as well as non- 
specific binding. In these cases, specific is differentiated 
from non-specific binding by the abolition of the former, 
but not the latter, by the presence of an inhibitor (see Fig. 
4). 

We now determine the amount of DNA present in the 
sediment of the original tumor homogenate. By this 
means, the assay results may be expressed in terms of 
femtomoles of estradiol bound per 100ug DNA. Because 
this was not done with the earlier specimens, the results 
in this report are expressed in terms of femtomoles of 
estradiol binding capacity per gram of original tumor 
weight to permit uniform comparison. 


Clinical Evaluation 
This report deals with our efforts from 1966 through 
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Fic. 4. Typical receptor positive pattern of breast cancer specimen by su- 
crose gradient technique. 8S receptor protein as well as 4S are identified. 


July 1, 1974. During this period, primary mammary can- 
cers from 359 patients and metastatic tumors from 214 
patients were examined for estrogen receptors by the 
methods previously described. Ninety-eight of the pa- 
tients with metastatic disease eventually received some 
form of endocrine therapy; 82 of these patients were 
treated by ablative therapy. The remaining 16 patients 
were treated for palliation by various forms of hormonal 
additive treatment. 

The estrogen receptor characteristics of the tumor 
specimens were classified initially as "positive" or 
‘‘negative’’ according to the difference in estradiol incor- 
poration by the tumor in the presence or absence of a 
specific binding inhibitor. Eventually, all estrogen recep- 
tor characteristics were redefined on the basis of the 
lowest receptor level at which objective remissions were 
experienced following clinical endocrine manipulation. 

The characterization of the tumor as ''estrogen recep- 
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tor positive" or "estrogen receptor negative" was not 
disclosed to the clinician until an evaluation of clinical 
remission or failure was recorded. Only stringent objec- 
tive criteria for response to treatment were used. Objec- 
tive remission required a measurable decrease in lesions 
for a 6- month period without progression in any lesion or 
the appearance of new lesions. While these measurements 
of success or failure by the attending clinician were used 
to establish our definitions of significant receptor pres- 
ence or absence, they were eventually not deemed 
adequate for evaluating the clinical correlation or predic- 
tion of remissions with the presence or absence of estro- 
gen receptors. 

In order to more stringently assess the worth of the 
estrogen receptor determination in the prediction of hor- 
monal dependency, the records of 81 of the 98 patients 
whose tumors were characterized for estrogen receptor 
content and who had received some type of endocrine 
therapy were reviewed by an outside peer review group 
sponsored by the National Cancer Institute. The review- 
ers assessed the objective data for each patient and re- 
quired measurable remissions for a 6-month period with- 
out any site of new or continued tumor growth in order to 
record an objective remission to therapy. If there was 
neither progression nor regression of any of the lesions, 
the therapeutic attempt was designated as a failure. The 
reviewing team was able to reach conclusions regarding 
the clinical response of 69 patients who had undergone 
ablative therapy and 12 patients who were treated by 
additive therapy. The records of the remaining patients 
*were considered inadequate for definitive evaluation by 
the peer review group. After determination of the clinical 
response to therapy by the peer review group, the indi- 
vidual estrogen receptor determinations were disclosed. 








FiG. 5. Distribution of estro- 
genreceptordeterminations 
in patients according to 
clinical response to endo- 
crine therapy. Figure 5 con- 
tains premenopausal pa- 
tients and Figure 6 repre- 
sents distribution in post- 
menopausal patients. 


SUCCESS 


Tumor samples were obtained from a variety of sites at 
varying times in the course of the patient's disease. No 
attempt was made to obtain uniformity of specimen site or 
to require estrogen receptor determinations to be made 
immediately prior to the various therapies. Estrogen re- 
ceptor characteristics were, however, determined from 
either a primary or secondary tumor at a time when 
metastases -were clinically present and when treatment 
was inténded for palliation. The 359 patients whose orig- 
inal tumor was characterized as to estrogen receptor con- 
tent had tumor specimens submitted at the time of mas- 
tectomy for localized disease. 


Results 


As previously explained, the original classification of a 
tumor as receptor ''positive" or ''negative'"' was first 
based on an estimation of whether there was a difference 
in radioactive estradiol incorporation by the tumor in the 
presence or absence of a specific inhibitor. With the 
eventual calculation of the actual values of specifically 
bound estradiol in the sedimentation patterns, several 
facts became apparent. First, many breast cancers con- 
sidered receptor ‘‘negative’’ contain insignificant 
amounts of specifically bound estradiol; second, the 4S 
component of specific binding in the sucrose gradient 
pattern is observed only in tumors of appreciable recep- 
tor content; third, there appears to be a certain critical 
level of estrophilin below which tumors do not respond to 
endocrine therapy; and fourth, this critical level appears 
to be lower in premenopausal patients than in post- 
menopausal or previously castrated individuals probably 
because some of the receptors in the premenopausal pa- 
tients are already bound with endogenous estrogen. 

Taking these observations into consideration, the 
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criteria for a positive receptor test were then redefined on 
the basis of the lowest receptor level at which objective 
remissions were observed. For this determination all 98 
of the patients who received some form of endocrine 
therapy were used, and the determination of remission or 
failure was determined by the attending clinicians. Using 
these criteria, we established positive, significant receptor 
levels to be greater than 250 fmole per gram of tumor for 
. premenopausal patients and over 750 fmole per gram of 
tumor for postmenopausal and previously castrated indi- 
viduals. 

Borderline ranges were first defined as being between 
150-250 fmole for premenopausal patients and between 
400-750 fmole for the postmenopausal group. This clas- 
sification was later discarded as it proved to be of no 
clinical significance when evaluated by the. peer review 
group. Tumors exhibiting receptor levels within these 
ranges are now considered receptor *'negative"' as are all 
values below these ranges. 

The expression of receptor content in terms of DNA 
rather than by total tumor weight will undoubtedly aid in 
a more precise definition of the boundaries between 
"positive" and ''negative" tests. 

As shown in Figs. 5 and 6, there is good correlation 
between our definition of receptor ‘‘positive’’ and “‘nega- 
tive" with the clinical result following some form of en- 
docrine therapy. For all patients who underwent some 
form of either endocrine ablative or additive therapy, the 
response rate for the receptor *''positive" women was 
65% while only one patient in the enlarged "negative" 
group responded to endocrine treatment. 


Correlation of Ablative Therapy with Estrogen Receptor 
Determination 


In this portion of our report the clinical results of 
ablative therapy as determined by the peer review group 
are used exclusively to assure accuracy and uniformity. 
Those estrogen receptor levels previously considered 
"borderline" are considered here as negative. Those 
cases determined by the peer review group as “‘non- 
evaluable” are so listed. This designation includes two 
types of clinical situations: those cases for which the 
objective data available did not allow the reviewers to 
reach a value judgment; and those individuals in whom 
the reviewers agreed that the documented lesions did 
undergo regression, but the magnitude or duration of 
regression did not fulfill the stated criteria for objective 
remission. 

Nineteen patients underwent adrenalectomy. Six of 
these patients had positive receptor determinations, and 
13 were designated as negative. Of the 6 patients who had 
positive determinations, one was evaluated as experienc- 
ing objective remission, 3 were failures to treatment and 2 
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could not be evaluated. Of the 13 patients with negative 
receptor levels, there were no clinical remissions after 
adrenalectomy: one was judged non-evaluable, and the 
remaining 12 were all failures. Thus, of the 16 patients for 
whom a clinical result was determined, 25% of the posi- 
tive receptor group experienced remission, and none of 
the negative group benefited from treatment (Table 1). 
Twenty-two patients were treated by simultaneous ad- 
renalectomy and castration. Fourteen of these patients 
were determined to have significant estrophilin levels, 
and 8 had insignificant levels. Of this latter group, all 
were failures to treatment. Of those individuals possess- 
ing positive estrophilin levels, there were 8 remissions 


TABLE 1. Estrogen Receptor Content and Results 
of Adrenalectomy (Total Patients—19) 





Receptor + Receptor — 
Remission Remission 0 
Failure Failure 12 
N.E. 
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recorded, 2 failures and 4 patients were deemed non- 
evaluable. Combining all patients treated by adrenalec- 
tomy (with and without simultaneous castration), for 
those 32 patients in whom a determination of clinical 
result could be made, we note no remissions in the group 
designated as estrogen receptor negative, and 9 of 20 in 
whom estrophilin levels were positive achieved objective 
clinical remissions (Table 2). 

Ten patients were treated by hypophysectomy 
employing various techniques of pituitary ablation. One 
patient was determined to have positive estrogen recep- 
tors, and she experienced a postoperative remission. 
None of the 9 patients without significant estrophilin 
levels in their sampled tumor experienced remission. 

Eighteen patients were primarily treated by castration. 
Twelve of these castrations were performed operatively, 
and 6 were accomplished by gonadal irradiation. Of the 
18 patients treated by castration alone, 6 were found to 
have significant levels of estrogen receptor in their tumor 
specimen. Three of these patients experienced objective 
remissions, there was one failure, and two patients were 
considered non-evaluable. Twelve patients had an insig- 
nificant amount of estrophilin. None of these patients 
experienced a remission. 

In summary, 69 patients underwent some form of abla- 
tive therapy. Twenty-seven of these patients were found 
to have significant or positive estrogen receptor determi- 
nations. Of the patients in whom a definite determination 
was made of their post-treatment response, roughly two- 
thirds (13/19) experienced an objective remission. None 
of the patients with a negative estrogen receptor determi- 


TABLE 2. Estrogen Receptor Content and Results of Adrenalectomy 
with Simultaneous Castration (Total Patients —22) 
nr 

Receptor + Receptor ~ 
Remission Remission 
Failure Failure 
N.E. N.E. 
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nation experienced an objective remission (0/42) follow- 
ing ablative endocrine therapy. 


Correlation of Additive Hormonal Therapy 
with Estrogen Receptor Determination 


Twelve of 16 patients treated by endocrine additive 
therapy and whose tumors were characterized by pre- 
treatment estrogen receptor determinations were re- 
viewed by the peer review team. The results are sum- 
marized in Figure 7. Of the 6 patients with positive estro- 
gen receptors, 4 benefited from various forms of hor- 
monal manipulation. Only one of 6 patients with negative 
estrophilin levels received any benefit from additive 
therapy. 

The number of clinical treatment trials for any particu- 
lar exogenous steroid were too few to allow conclusions 
regarding a specific correlation between estrogen recep- 
tor assay and a particular mode of treatment. 


Consistency of Estrogen Receptor Pattern with Time 


During the course of our studies, we were able to 
secure multiple tumor specimens (primary tumor, metas- 
tases of two or more metastases) from 23 patients at 
various times in the course of their disease. Samples in 
these 23 patients were taken at irregular intervals from 
one to 80 months. There was a remarkable tendency for 
subsequent tumor samples to resemble the original 
specimen in their estrogen receptor content. 

Apart from two positive tumors that gave rise to bor- 
derline (negative) metastases, the only striking departures 
were in one patient in whom a positive primary tumor 
gave rise 26 months later to both a positive and a negative 
specimen in the local breast mass and in another patient 
in whom a negative primary tumor was followed by one 
positive and two negative chest wall recurrences. One 
patient who had a negative primary tumor removed in 
1966 developed a second primary breast cancer in 1973 of 
the same histologic type that was receptor positive. The 
remaining 19 patients had consistent receptor patterns of 
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There was good correlation in our peer-review series 
between those patients whose tumors contained signifi- 
cant amounts of estrogen receptor and the clinical re- 
sponse to additive endocrine therapy. Sixty-six per cent 
(4/6) of estrogen receptor positive patients experienced 
remissions following the clinical use of various steroid 
hormones. One patient without significant estrogen re- 
ceptor tumor levels benefited for 3 months from the ad- 
ministration of an androgen. Our 98 patients were sub- 
jected to a total of 133 "endocrine" therapeutic trials. 
Based on the assessment of the attending clinician, 70 per 
cent of the total trials in receptor positive individuals 
resulted in remissions while only a few borderline or 
negative patients so responded. Departures from this pat- 
tern are worthy of note. Two patients who failed to re- 
spond to estrogenic substances eventually responded to 
either adrenalectomy or the combination of estrogen and 
progesterone. Two receptor positive patients and one 
borderline patient who had experienced remission to 
castration prior to estrogen receptor determination failed 
to respond objectively to adrenalectomy. In the collected 
series of McGuire et al., 32 per cent of 211 patients 
experienced regressions with additive therapy. Of the 90 
patients with negative estrogen receptor values in this 
series, only 4 responded, while 63 of the 120 patients 
(5296) with positive tumor estrogen receptor values exhib- 
ited objective remissions. 


A biochemical explanation for the correlation of estro- 
gen receptor and clinical response to additive therapy is 
not obvious. While the mechanism of this correlation 
with ablative therapy is presumed to be the removal of 
endogenous estrogen production by the host, no such 
simple and attractive thesis is readily available as the 
rationale for additive therapy. The exogenous steroid 
hormones may compete for receptor binding, or the pres- 
ence of receptor may characterize a tumor in which a 
biochemical lesion is produced by the addition of steroid 
hormones. 

While our clinical goals must concern those patients 
with positive tumor estrogen receptor values who 
nevertheless fail to respond to endocrine therapy, the 
usefulness of receptor measurement for the prediction of 
the effectiveness of the hormonal treatment of mammary 
cancer suggests certain immediate clinical applications of 
promise. 

Estrogen receptor determinations of recurrent, metas- 
tatic or inoperable lesions are now clinically useful in 
predicting the outcome of endocrine treatment—either 
ablative or additive. The patient with negative receptor 
values may be spared operative procedures or medical 

trials which are doomed to failure. Other more promising 
methods of therapy may be immediately instituted, and 
endocrine therapy may be reserved for those patients 
with receptor containing tumors in whom there is a 
reasonable chance for success. 
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While there appears to be a reasonably consistefit 
tumor receptor pattern with time, our data are yet in- 
adequate and only suggestive of this fortuitous charac- 
teristic. Considerably more data are needed to confirm 
that the majority of primary tumors and their metastases 
will maintain constant estrogen receptor content with the 
passage of time. Similarly, clinical trials applying endo- 
crine therapy on the basis of receptor patterns of the 
primary tumor for those metastatic lesions which are 
inaccessible will finally determine whether the receptor 
content of the original tumor can serve as a practical 
guide for later therapy. 

The strong suggestion that estrogen receptor content , 
indicates the hormonal sensitivity of a mammary cancer `” 
may serve as a guide to patient selection for elective or 
‘‘prophylactic’’ castration. The proponents of elective 
castration point to the work of Paterson’ and Nissen- 
Meyer whose data are strongly suggestive of the benefits 
to be derived from castration. The opponents of elective 
castration disparage the practice of castrating all patients 
after mastectomy for the benefit of only those having 
hormonally sensitive tumors. Further, they fear that the 
prognostic value of therapeutic castration will be lost 
should all patients undergo prophylactic castration. A 
clinical study determining the receptor content of the 
primary tumor prior to castration should give information 
as to whether estrogen receptor content of the primary 
tumor can be used to select candidates for elective castra- 
tion. 
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DISCUSSION 


Dr. RicHARD E. WILSON (Boston): Drs. Block and Jensen are cer- 
tainly to be congratulated on their stimulating view of approaching 
cancer treatment on a molecular level. Their work makes more sense 
than the crude and indirect methods we and others used earlier in an 
attempt to derive a discriminant so as to select patients for ablative 
therapy. 

I'm not at all certain, however. that estrogen is the only hormone we 
should be concerned about. Our studies and those of Heywood identify 
correlations of responses with 17-keto steroids and 17-hydroxy steroids 
as well as the chemical estrogen output. Maybe this could explain some 
of the failures in estrogen positive patients, particularly after oophorec- 
tomy alone. 

Another problem for those looking for a simple approach to patient 
selection for ablation ís the high incidence of patients with potentially 
responsive tumors, having no tissue available for biopsy prior to ad- 
renalectomy. I'd be interested in hearing from Dr. Block what his 
experience has been, not just with the primary tumor, but with the 
availability of tissue at the time the patient returns with metastases. 
Also. are there variations in ER-positivity with any given patient's 
tumor burden. possibly indicating different cell populations? 

Finally, I'd like to emphasize the potential for multi-modality therapy 
such as combining chemotherapy with adrenalectomy. There were suf- 
ficient ER-positive non-responders, I think ten of 23 in their group, who 
might have tumors that could conceivably show an additive response to 
ablative therapy for hormone sensitive tumors and chemotherapy for 
less sensitive populations. Also, there may be all degrees of in vivo 
sensitivity. Certainly in our experience, even the single agent 5-FU, 
added to adrenalectomy, significantly increased the objective response 
rate from 40% to 58% using the same response criteria that Dr. Block 
has mentioned. 


Dr. Jonn R. BENFIELD (Los Angeles): Dr. Block and his co-authors 
have made another major contribution concerning breast cancer. They 
have also drawn attention to the rapidly growing field of tumor market- 
ers. I am convinced as I'm certain you are that patients whose breast 
cancers are negative for estrogen receptors as defined are so unlikely to 
respond to endocrine therapy that this should not be the primary 
therapeutic approach when metastases appear. However, the definition 
and constancy of negativity deserves scrutiny. The dividing line be- 
tween negative and positive has appropriately been chosen so as to give 
it clinical revelance, but I suspect however that this dividing line will 
change as greater experience is achieved. 

(Slide) With regard to the constancy of estrogen receptors, Dr. Per- 
sijn of Amsterdam and his colleagues have analyzed biopsies from 31 
patients on two or more distinctly separate occasions. Pm grateful to 
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Dr. Persijn for providing me with an advanced copy of his manuscript. 
Negativity or positivity was a constant finding in 16 of the 31 patients, 
but the remaining 15 patients had inconstant results. Thus, the estrogen 
binding characteristics of these tumors were variable and a single de- 
termination could have been misleading. Furthermore, high levels of 
estrogen receptors seem simply to indicate the increased likelihood of 
response to a change in the endocrine milieu. They were not a guide to 
the type of therapy which should be used. I would appreciate hearing 
Dr. Block's comment about this point. 

I'm intrigued by the fact that some non-cancerous breasts contain 
high levels of estrogen binding proteins. Perhaps we should also be 
focusing on so-called benign breast masses for new insight into the 
biology of breast disease and in order to define risk factors from new 
perspectives. 

Finally, the prospect of successful, rational. adjuvant endocrine 
therapy for primary breast cancer is exciting. As you know, there are 
early data from the National Surgical Adjuvant Breast Project showing 
that L-phenylalanine mustard or L-Pam has been beneficial for pre- 
menopausal women to date. Among the next logical steps is again to 
evaluate adjuvant hormone therapy and prophylactic castration. Dr. 
Block, when these studies are done. to what degree should we rely upon 
estrogen binding assays in devising the protocols? 

To me the work we have heard is of especial personal significance. 
When I was a medical student. Dr. Huggins challenged me to look at 
microscopic slides of various breast cancers to tell him which ones were 
endocrine sensitive. Naturally, I could not do so. When 1 left there 12 
vears later he gave me this slide which has historical value in that it 
shows dramatic remission of a breast cancer in one of his earliest 
adrenalectomy patients. 

The answer to the Huggins question is finally forthcoming and ] 
congradulate Dr. Block and his co-workers for carrying on the tradition 
of leading research in tumor endocrinology at the University of 
Chicago. 


Dr. Loren J. HUMPHREY (Kansas City, Kansas): Certainly. one of 
the exciting areas of cancer research today is work on the cell surface 
such as the work coming out in the last few years on immunoglobulin 
coat by Dr. Jewel, the alteration of the cell membrane such as Dick 
Simmons has presented to this group. 

The role of receptors on malignant cells is not new. The early work of 
Jensen showing that there were estrogen receptors dates back to the, 
early fifties. However, the biologic significance we owe to papers like 
this today. 

In addition to hormonal receptors. though, we should be aware of 
other receptors. For instance. back in 1965, working in Dr. Milgram's 
lab. we observed a receptor on a murine. a chemically induced murine 
carcoma that reacted with certain species of erythrocytes. 
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The significance of this receptor in that mammary tumor system was 
that this species of erythrocytes was absorbed with the same ones that 
are absorbed by the myxoviruses. This then brought up the relationship 
of chemical carcinogens in viruses. Unfortunately, such a receptor has 
not been found in human tumors. 

A second receptor of importance that we observed at that time is the 
receptor on also the chemically induced tumor, that is the FC receptor. 
This is the receptor, as you are aware, that is on the B-leukocyte and the 
macrophages. 

The FC receptor has now been found in most human tumors. We 
have found it on eight of eight breast cancers tested recently. We found 
it on none of six patients who were biopsied for fibrocystic disease and 
none of three biopsy specimens for fibroadenoma. The interesting 
speculation, of course, is what is the origin of these receptors? 

The FC receptor you might say is due to infiltration. However, recent 
data would show that the physical chemical difference between 
B-leukocyte and macrophage FC receptor is different from that of 
malignant cells. 

Therefore. we would suggest that the humin positive FC receptor is a 
hybrid with that of either the macrophage or the leukocyte. This 
prompts me to ask Dr. Block since the work of Slicer and Van Nuy have 
shown that normal parenchymal cells have hormone dependent and 
independent cells, if they have tested the surrounding so-called normal 
breast tissue from these patients for estrogen receptor? 

Secondly, with the recent report of Horowitz and MacQuire showing 
that their estrogen positive receptor tissue also has progesterone recep- 
tors in 60 per cent which interestingly enough is the usual rate of 
responsiveness in estrogen receptors. I wonder if you also have studies 
going on in these tissues testing for progesterone receptors. 


Dr. GEORGE E. Brock (Closing discussion): Dr. Humphrey, the 
receptor we're talking about here is a receptor that Dr. Jensen found to 
be in the cytosol fraction. When it unites with estrogen, it migrates into 
the cell nucleus where the estrogen has its major action. It is not a 
surface receptor. 

As far as progesterone receptors are concerned, we do not know if it 
is a different receptor or the same protein that receives both estrogen 
and progesterone. It might very well be the same because the so-called 
anti-estrogens or stilbesterol can attach to these particular receptors. 
We have investigated a large number of specimens from normal mam- 
mary tissue and nonmammary tissue. Practically all human tissue con- 
tains some of this protein receptor. 
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The tissue with significant receptor content is associated basicaly 
with the reproductive system and secondary sex characteristics. 
Uterus, vagina and breast all have receptor present. However, it is a 
quantitative difference that is important. 

We did 43 determinations on benign tumors and only one of these 
tumors had what we would designate as clinically significant levels of 
receptor although some receptor was demonstrable in practically each 
and every benign tumor. 

As far as normal breast is concerned, the quantitative amount is 
probably low because of the large amount of fibro-adipose tissue that 
has practically no receptor in it. 

Dr. Benfield, I agree that if there is a lack of significant amounts of 
receptor in recurrent tumor, chemotherapy via triple drug or quadruple 
drug therapy should be the first treatment of choice and that we should 
not subject the patient to a hormonal manipulation. Whatever that 
manipulation may be. there is at least a 93% chance that it is doomed to 
failure. 

| mentioned in the presentation we did serial biopsies on 23 patients 
during the course of their disease and that 19 of these had sustained 
patterns of estrogen receptor content. There were some variants. how- 
ever. Interestingly. one patient developed asynchronous breast cancers 
60 months apart. Both were medullary carcinomas with lymphoid infil- 
tration and were histologically identical. One had absolutely no receptor 
in it while the other contained a significant amount of receptor. So, 
there is a biologic variant here. 

As far as future protocols are concerned, I think the next logical step 
should be application of Dr. Jensen's basic work to the problem of 
elective castration or prophylactic castration in the premenopausal and 
early postmenopausal group. 

lI agree with Dr. Wilson and his kind remarks. In addition to studying 
the tumor, we are now trying to study the milieu of the host. In today's 
report, we are trying to determine if the host's tumor had a receptor 
protein that enabled it to be stimulated by estrogen. Now we're looking 
at the other side of the question. How much endogenous estrogen and 
endogenous steroid material does this patient possess? In the past, 
however, these determinations did not correlate well with clinical re- 
sponse. 

We can do our receptor analysis on 200 mg of tumor. When one 
becomes excited about its use, one can often find methods to obtain a 
usable amount of tumor. As an example, in a patient with a pleural 
effusion or ascites. we can drain off the fluid and find 200 mg of cells 
that we can freeze and then subject to the estrogen receptor test. 
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